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and method of fabricating the same 



(57) The method of fabricating a nitride semicon- 
ductor of this invention includes the steps of forming, on 
a substrate, a first nitride semiconductor layer of Al u Ga v - 
ln w N, wherein 0 ^ u, v, w ^ 1 and u + v + w = 1 ; forming, 
in an upper portion of the first nitride semiconductor lay- 
er, plural convexes extending at intervals along a sub- 
strate surface direction; forming a mask film for covering 
bottoms of recesses formed between the convexes ad- 
jacent to each other; and growing, on the first nitride 
semiconductor layer, a second nitride semiconductor 
layer of Al x Ga y ln 2 N, wherein 0 % x, y, z ^ 1 and x + y + 
z = 1, by using, as a seed crystal, C planes correspond- 
ing to top faces of the convexes exposed from the mask 
film. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of 5 
fabricating anitride semi conduct for use in a short- 
wavelengthsemiconductor laser diode and the like ex- 
pected to be applied to the fields of optical information 
processing and the like, a semi conductor device and a 
semiconductor light emitting device using the nitride 
semiconductor and a method of fabricating the same. 
[0002] Recently, a nitride semiconductor of a group 
lll-V compound, that is, a group V element including ni- 
tride (N), is regarded as a promising material for a short- 
wavelength light emitting device due to its large energy 
gap. In particular, a gallium nitride-based compound 
semiconductor (Al x Ga y ln 2 N, wherein 0 ^ x, y, z ^ 1 and 
x + y + z = 1 ) has been earnestly studied and developed, 
resulting in realizing a practical blue or green light emit- 
ting diode (LED) device. Furthermore, in accordance 
with capacity increase of an optical disk unit, a semicon- 
ductor laser diode lasing at approximately 400 nm is ear- 
nestly desired, and a semiconductor laser diode using 
a gallium nitride-based semiconductor is to be practical- 
ly used. 

(Conventional Example 1) 

[0003] Now, a gallium nitride-based semiconductor 
laser diode according to Conventional Example 1 will be 
described with reference to drawings. 
[0004] Figure 37 shows the sectional structure of the 
conventional gallium nitride-based semiconductor laser 
diode showing laser action. As is shown in Figure 37, 
the conventional semiconductor laser diode includes a 
buffer layer 302 of gallium nitride (GaN), an n-type con- 
tact layer 303 of n-type GaN, an n-type cladding layer 
304 of n-type aluminum gallium nitride (AIGaN), an n- 
type light guiding layer 305 of n-type GaN, a multiple 
quantum well (MQW) active layer 306 including gallium 
indium nitride layers having different composition ratios 
of indium (Ga 1 - x ln x N/Ga 1 - y ln y N, wherein 0<y<x<1), 
a p-type light guiding layer 307 of p-type GaN, a p-type 
cladding layer 308 of p-type AIGaN and a p-type contact 
layer 309 of p-type GaN successively formed on a sub- 
strate 301 of sapphire by, for example, metal organic 
vapor phase epitaxial growth (MOVPE). 
[0005] An upper portion of the p-type cladding layer 
308 and the p-type contact layer 309 is formed into a 
ridge with a width of approximately 3 through 10 n.m. A 
lamination body including the MQW active layer 306 is 
etched so as to expose part of the n-type contact layer 
303, and the upper face and the side faces of the etched 
lamination body are covered with an insulating film 310. 
In a portion of the insulating film 310 above the p-type 
contact layer 309, a stripe-shaped opening is formed, a 
p-side electrode 31 1 in ohmic contact with the p-type 
contact layer 309 through the opening is formed over a 



portion of the insulating film 310 above the ridge. Also, 
on a portion of the n-type contact layer 303 not covered 
with the insulating film 310, an n-side electrode 312 in 
ohmic contact with the n-type contact layer 303 is 
formed. 

[0006] In the semiconductor laser diode having the 
aforementioned structure, when a predetermined volt- 
age is applied to the p-side electrode 311 with the n-side 
electrode 312 grounded, optical gain is generated within 
the MQW active layer 306, so as to show laser action at 
a wavelength of approximately 400 nm. 
[0007] The wavelength of laser action depends upon 
the composition ratios x and y or the thicknesses of the 
Ga 1 - x ln x N and Ga^ylnyN layers included in the MQW 
active layer 306. At present, the laser diode having this 
structure has been developed to show continuous laser 
action at room temperature or more. 
[0008] Furthermore, laser action in the fundamental 
mode of the lateral mode along a horizontal direction 
(parallel to the substrate surface) can be shown by ad- 
justing the width or height of the ridge. Specifically, the 
laser action of the fundamental lateral mode can be 
shown by providing a difference in the light confinement 
coefficient between the fundamental lateral mode and a 
primary or higher mode. 

[0009] The substrate 301 is formed from, apart from 
sapphire, silicon carbide (SiC), neodymium gallate 
(NdGa0 3 ) or the like, and any of these materials cannot 
attain lattice match with gallium nitride and is difficult to 
attain coherent growth. As a result, any of these mate- 
rials includes a large number of mixed dislocations, 
namely, mixed presence of edge dislocations, screw 
dislocations and other dislocations. For example, when 
the substrate is made from sapphire, the substrate in- 
cludes dislocations at a density of approximately 1 x 1 0 9 
cm -2 , which degrades the reliability of the semiconduc- 
tor laser diode. 

[0010] As a method for reducing the density of dislo- 
cations, epitaxial lateral overgrowth (ELOG) has been 
proposed. This is an effective method for reducing 
threading dislocations in a semiconductor crystal with 
large lattice mismatch. 

(Conventional Example 2) 

[001 1] Figure 38 schematically shows the distribution 
of crystal dislocations in a semiconductor layer of gal- 
lium nitride formed by the ELOG. 
[0012] The outline of the ELOG will be described with 
reference to Figure 38. First, a seed layer 402 of GaN 
is grown on a substrate 401 of sapphire by the MOVPE 
or the like. 

[001 3] Next, a dielectric film of silicon oxide or the like 
is deposited by chemical vapor deposition (CVD) or the 
like, and the deposited dielectric film is formed into a 
mask film 403 having an opening pattern in the shape 
of stripes with a predetermined cycle by photolithogra- 
phy and etching. 
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[0014] Then, a semiconductor layer 404 of GaN is 
formed on the mask film 403 by selective growth with 
portions of the seed layer 402 exposed from the mask 
film 403 used as a seed crystal by the MOVPE or halide 
vapor phase epitaxial growth. 

[0015] At this point, although a dislocation high-den- 
sity region 404a where the dislocation density is approx- 
imately 1 x 10 9 cm -2 is formed in a portion of the semi- 
conductor layer 404 above the opening of the mask film 
403, a dislocation low-density region 404b where the 
dislocation density is approximately 1 x 10 7 crrr 2 can be 
formed in a portion of the semiconductor layer 404 lat- 
erally grown on the mask film 403. 
[0016] Figure 39 shows the sectional structure of a 
semiconductor laser diode whose active area, namely, 
a ridge working as a current injecting region, is formed 
above the dislocation low-density region 404b. In Figure 
39, like reference numerals are used to refer to like el- 
ements shown in Figures 37 and 38. 
[0017] When the current injecting region is formed 
above the dislocation low-density region 404b of the 
MQW active layer 306 in this manner, the reliability of 
the laser diode can be improved. 
[0018] As a result of various examinations, the 
present inventors have found that semiconductor laser 
diodes according to Conventional Examples 1 and 2 
have the following problems: 

[0019] First, the problems of the growth method of a 
nitride semiconductor by the ELOG according to Con- 
ventional Example 2 will be described. 
[0020] Figures 40(a) through 40(d) schematically 
show a state where polycrystals 405 of gallium nitride 
are deposited on the mask film 403 during the growth of 
the semiconductor layer 404 so as to degrade the crys- 
tallinity of the semiconductor layer 404. 
[0021] Specifically, the mask film 403 having the 
openings is first formed on the seed layer 402 as is 
shown in Figure 40(a), and plural semiconductor layers 

404 are respectively grown by using, as the seed crystal, 
the portions of the seed layer 402 exposed in the open- 
ings of the mask film 403 as is shown in Figure 40(b). 
At this point, since the mask film 403 is formed from a 
dielectric, plural polycrystals 405 that cannot be crystal- 
lized on a dielectric may be deposited on the mask film 
403. 

[0022] Next, as is shown in Figures 40(c) and 40(d), 
when the plural semiconductor layers 404 are grown to 
be integrated and to have a flat face with the polycrystals 

405 deposited, a region 404c with poor crystallinity is 
formed on each polycrystal 405. 

[0023] The present inventors have found that a laser 
diode with good characteristics cannot be obtained 
when the current injecting region is formed above the 
region 404c with poor crystallinity. 
[0024] Second, the present inventors have found a 
problem that, in the semiconductor laser diode accord- 
ing to Conventional Example 1 or 2, it is difficult to in- 
crease the light confinement coefficient of the active lay- 



er along a direction vertical to the substrate surface. 
[0025] Figure 41 shows the relationship, in the semi- 
conductor laser diode of Conventional Example 1, be- 
tween the distribution of a refractive index of the MQW 
5 active layer 306 along the direction vertical to the sub- 
strate surface and the distribution of light intensity on a 
cavity facet. It is understood that part of generated light 
confined within the MQW active layer 306 leaks to the 
substrate 301 so as to generate a standing wave in the 
n-type contact layer 303. When the generated light is 
thus largely leaked from the MQW active layer 306 to 
the substrate 301, the light confinement ratio in the 
MQW active layer 306 is lowered, resulting in increasing 
the threshold value for laser action. 
[0026] Also, Figure 42 shows a far-field pattern of the 
laser diode of Conventional Example 1. In this drawing, 
the abscissa indicates a shift of emitted light from the 
normal direction of the cavity facet toward the horizontal 
direction (along the substrate surface), and the ordinate 
indicates light intensity of the emitted light. When the 
generated light is largely leaked to the substrate 301 as 
in Conventional Example 1, it is also difficult to obtain a 
unimodal far-field pattern. This goes for the semicon- 
ductor laser diode of Conventional Example 2. 
[0027] Thirdly, the semiconductor laser diode of Con- 
ventional Example 1 has a problem that, in dividing plu- 
ral laser diodes formed on a wafer into individual laser 
chips by, for example, cleavage, the facet of the cavity 
cannot be flat because the substrate of sapphire and the 
nitride semiconductor layer have different crystal 
planes. Specifically, as is shown in Figure 43, sapphire 
forming the substrate 301 is easily cleaved on the 
(1-100) surface orientation, namely, the so-called M 
plane, and hence, the substrate is generally cleaved on 
the M plane of sapphire. 

[0028] However, the M plane of a nitride semiconduc- 
tor, for example, gallium nitride is shifted from the M 
plane of sapphire by 30 degrees in the plane, and hence, 
the M plane of sapphire accords with the ( 1 1 -20) surface 
orientation, namely, the so-called A plane, of gallium ni- 
tride. Accordingly, when the substrate 301 is cleaved, 
cleaved ends of the buffer layer 302 and the lamination 
body above are shifted from that of the substrate 301 by 
30 degrees so as to appear as an irregular face with 
level differences of several hundreds nm. 
[0029] When the cavity facet is such an irregular face, 
mirror loss of laser at the cavity facet is increased, so 
as to increase the operation current of the semiconduc- 
tor laser diode, which can degrade the reliability of the 
semiconductor laser diode. Furthermore, since the ir- 
regularities are randomly formed on the cavity facet, it 
is difficult to form with good reproducibility a cavity facet 
having a predetermined reflectance, which lowers the 
yield. Even when the cavity is formed not by cleavage 
but by dry etching, the same problem arises. Herein, a 
minus sign "-" used in a surface orientation indicates in- 
version of an index following the minus sign. 
[0030] On the other hand, in the semiconductor laser 
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diode of Conventional Example 2, the stripe-shaped 
opening of the mask film 403 for the selective growth is 
formed parallel to the M-axis of the semiconductor layer 
404. This is because a rate of the lateral growth along 
the A-axis is much higher than in other directions, and 5 
hence, the selective growth can be effectively proceed- 
ed in a short period of time. Therefore, the dislocation 
low-density region 404b is parallel to the M-axis, and 
therefore, the cavity facet of the laser diode formed 
above the dislocation low-density region naturally ac- 
cords with the M plane. As a result, it is necessary to 
cleave the substrate 401 on the A plane. Although sap- 
phire can be easily cleaved on the M plane as described 
above, it cannot be easily cleaved on the A plane, which 
largely lowers the yield of the semiconductor laser di- 
ode. 

[0031] Fourthly, it is known that an angle (tilt) between 
the C-axis of the seed layer 402 and the C-axis of the 
semiconductor layer 404 selectively grown above the 
seed layer 402 is approximately 0.1 through 1 degree 
in the ELOG. 

[0032] On the other hand, when the ELOG is conduct- 
ed again by using the dislocation low-density region 
404b obtained by the ELOG as the seed crystal and cov- 
ering the dislocation high-density region 404a with an- 
other mask film for selective growth, a nitride semicon- 
ductor crystal can be obtained merely from the disloca- 
tion low-density region 404b. Accordingly, a cavity hav- 
ing a facet according to the A plane can be formed on 
the crystal formed from merely the dislocation low-den- 
sity region 404b, resulting in largely increasing the yield 
in the cleavage. 

[0033] When the cavity is formed along the A-axis, 
however, a waveguide is formed in a zigzag manner 
along the C-axis because of the tilt of the C-axis be- 
tween the seed layer 402 and the selectively grown layer 
above the seed layer 402 as described above. Such a 
zigzag waveguide causes waveguide loss, resulting in 
a problem of increase of the operation current of the la- 
ser diode. Moreover, in a vertical cavity surface emitting 
laser diode array where plural cavitys are arranged in a 
direction vertical to the substrate surface, there arises 
a problem that the directions of emitting laser beams 
from the respective cavitys in the array do not accord 
with one another. 

[0034] Fifthly, in the semiconductor laser diode of 
Conventional Example 2, the width of the dislocation 
low-density region 404b is as small as approximately 5 
fim, and it is necessary to align a photomask for the ridge 
with a width of approximately 3 u.m so as not to miss the 
dislocation low-density region 404b. Accordingly, high 
accuracy is required for alignment in the photolithogra- 
phy, which lowers the throughput and the yield in the 
photolithography. As a result, there arises a problem 
that productivity cannot be improved. 



SUMMARY OF THE INVENTION 

[0035] The present invention was devised in consid- 
eration of the aforementioned various conventional 
problems. A first object of the invention is improving 
crystallinity in ELOG, a second object is increasing a 
light confinement coefficient of a cavity, a third object is 
forming a cavity facet with small mirror loss, a fourth ob- 
ject is forming a cavity with small waveguide loss, and 
a fifth object is easing alignment of a mask for forming 
a ridge. By achieving these objects, the invention exhib- 
its an excellent effect, in particular, in application to a 
laser diode for use in an optical disk unit. 
[0036] The first method of fabricating a nitride semi- 
conductor of this invention achieves the fist object and 
comprises the steps of forming, on a substrate, a first 
nitride semiconductor layer of Al u Ga v ln w N, wherein 0 ^ 
u, v, w 1 and u + v + w = 1; forming, in an upper portion 
of the first nitride semiconductor layer, plural convexes 
extending at intervals along a substrate surface direc- 
tion; forming a mask film for covering bottoms of recess- 
es formed between the convexes adjacent to each oth- 
er; and forming, on the first nitride semiconductor layer, 
a second nitride semiconductor layer of Al x Ga y ln z N, 
wherein 0 ^ x, y, z ^ 1 and x + y + z = 1,by using, as 
a seed crystal, C planes corresponding to top faces of 
the convexes exposed from the mask film. 
[0037] In the first method of fabricating a nitride sem- 
iconductor, the plural convexes are formed in the upper 
portion of the first nitride semiconductor layer and the 
bottoms of the recesses sandwiched between the con- 
vexes are covered with the mask film. Therefore, the 
second nitride semiconductor layer is grown by using, 
as the seed crystal, merely the C planes appearing on 
the top faces of the convexes of the first nitride semi- 
conductor layer. As a result, even when polycrystals of 
the second nitride semiconductor layer are deposited on 
the mask film, the second nitride semiconductor layer 
grows over the polycrystals in the growth along a direc- 
tion parallel to the substrate surface (lateral growth) ow- 
ing to the mask film formed on the bottoms of the re- 
cesses between the convexes. Accordingly, the second 
nitride semiconductor layer is never prevented from 
growing by the polycrystals, resulting in attaining good 
crystallinity. 

[0038] The second method of fabricating a nitride 
semiconductor of this invention achieves the first object 
and comprises the steps of forming, on a substrate, a 
first nitride semiconductor layer of A^a^r^N, wherein 
0 ^ u, v, w ^ 1 and u + v + w = 1 ; forming, in an upper 
portion of the first nitride semiconductor layer, plural 
convexes extending at intervals along a substrate sur- 
face direction; forming a mask for covering bottoms and 
at least part of walls of recesses formed between the 
convexes adjacent to each other; and forming, on the 
first nitride semiconductor layer, a second nitride semi- 
conductor layer of A1 x Ga y ln 2 N t wherein 0 ^ x, y, z ^ 1 
and x + y + z=1,by using, as a seed crystal, portions 
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of the convexes exposed from the mask film. 
[0039] In the second method of fabricating a nitride 
semiconductor, even when polycrystals of the second 
nitride semiconductor layer are deposited on the mask 
film in growing the second nitride semiconductor layer 5 
in a direction parallel to the substrate surface, the sec- 
ond nitride semiconductor layer grows over the poly- 
crystals owing to the mask film formed on the bottoms 
and at least part of the walls of the recesses between 
the convexes. Accordingly, the second nitride semicon- 
ductor layer is never prevented from growing by the 
polycrystals, resulting in attaining good crystal Unity. 
[0040] The first method of fabricating a nitride semi- 
conductor device of this invention achieves the first ob- 
ject and comprises the steps of forming a first nitride 
semiconductor layer on a substrate; forming, in an upper 
portion of the first nitride semiconductor layer, plural 
grooves extending at intervals along a substrate surface 
direction; forming a mask film for covering bottoms of 
the grooves; growing, by using, as a seed crystal, C 
planes corresponding to portions of a top face of the first 
nitride semiconductor layer exposed from the mask film 
between the grooves, a lamination body including a sec- 
ond nitride semiconductor layer, an active layer formed 
from a third nitride semiconductor layer having a smaller 
energy gap than the second nitride semiconductor layer 
and a fourth nitride semiconductor layer having a larger 
energy gap than the active layer stacked in this order 
from a substrate side; and forming, on the lamination 
body, a current confinement part for selectively injecting 
carriers into the active layer. 

[0041] In the first method of fabricating a nitride sem- 
iconductor device, the lamination body including the ac- 
tive layer is formed by the first method of fabricating a 
nitride semiconductor of this invention. Accordingly, the 
active layer and the nitride semiconductor layers sand- 
wiching the active layer in the vertical direction attain 
good crystallinity. As a result, the reliability of the semi- 
conductor device can be largely improved. 
[0042] The second method of fabricating a nitride 
semiconductor device of this invention achieves the first 
object and comprises the steps of forming a first nitride 
semiconductor layer on a substrate; forming, in an upper 
portion of the first nitride semiconductor layer, plural 
grooves extending at intervals along a substrate surface 
direction; forming a mask film for covering bottoms and 
at least part of walls of the grooves; growing, by using, 
as a seed crystal, portions of the first nitride semicon- 
ductor layer exposed from the mask film between the 
grooves, a lamination body including a second nitride 
semiconductor layer, an active layer formed from a third 
nitride semiconductor layer having a smaller energy gap 
than the second nitride semiconductor layer and a fourth 
nitride semiconductor layer having a larger energy gap 
than the active layer stacked in this order from a sub- 
strate side; and forming, on the lamination body, a cur- 
rent confinement part for selectively injecting carriers in- 
to the active layer. 



[0043] In the second method of fabricating a nitride 
semiconductor device, the lamination body including the 
active layer is formed by the second method of fabricat- 
ing a nitride semiconductor of this invention. According- 
ly, the active layer and the nitride semiconductor layers 
sandwiching the active layer in the vertical direction at- 
tain good crystallinity. As a result, the reliability of the 
semiconductor device can be largely improved. 
[0044] The third method of fabricating a nitride semi- 
conductor of this invention achieves the first object and 
comprises the steps of forming, in an upper portion of a 
substrate, plural convexes extending at intervals along 
a substrate surface direction; and selectively growing a 
nitride semiconductor layer of Al x Ga y ln z N, wherein 0 ^ 
x, y, z ^ 1 and x + y + z = 1 , on top faces of the convexes 
of the substrate. 

[0045] In the third method of fabricating a nitride sem- 
iconductor, not only the same effect as that of the first 
method of fabricating a nitride semiconductor can be at- 
tained but also there is no need to form a semiconductor 
layer as a seed crystal because the convexes in the 
shape of stripes are formed in the substrate itself. Fur- 
thermore, when the substrate is not a nitride semicon- 
ductor, there is no need to provide a mask film for se- 
lective growth, resulting in largely simplifying the fabri- 
cation process of the semiconductor. 
[0046] The third method of fabricating a nitride semi- 
conductor device of this invention achieves the first ob- 
ject and comprises the steps of forming, in an upper por- 
tion of a substrate, plural grooves extending at intervals 
along a substrate surface direction; selectively growing, 
on a top face of the substrate between the grooves, a 
lamination body including a first nitride semiconductor 
layer, an active layer formed from a second nitride sem- 
iconductor layer having a smaller energy gap than the 
first nitride semiconductor layer and a third nitride sem- 
iconductor layer having a larger energy gap than the ac- 
tive layer stacked in this order from a substrate side; and 
forming, on the lamination body, a current confinement 
part for selectively injecting carriers into the active layer. 
[0047] In the third method of fabricating a nitride sem- 
iconductor device, the lamination body including the ac- 
tive layer is formed by the third method of fabricating a 
nitride semiconductor of this invention. Accordingly, the 
active layer and the nitride semiconductor layers sand- 
wiching the active layer in the vertical direction attain 
good crystallinity and the fabrication process can be 
largely simplified, resulting in improving the productivity. 
[0048] The first nitride semiconductor device of this 
invention achieves the second object and comprises a 
lamination body including a first nitride semiconductor 
layer, an active layer formed from a second nitride sem- 
iconductor layer having a larger refractive index than the 
first nitride semiconductor layer and a third nitride sem- 
iconductor layer having a smaller refractive index than 
the active layer successively stacked on a substrate; 
and a current confinement part formed on the lamination 
body for selectively injecting carriers into the active lay- 
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er, and a gap is formed in a region betow the current 
confinement part and between the active layer and the 
substrate. 

[0049] In the first nitride semiconductor device, the 
gap with a smaller refractive index than the semicon- 
ductor is formed in the region below the current confine- 
ment part and between the active layer and the sub- 
strate. Accordingly, light generated in the active layer is 
less leaked to the substrate, resulting in increasing the 
confinement coefficient of the generated light in the ac- 
tive layer. 

[0050] The second nitride semiconductor device of 
this invention achieves the second object and compris- 
es a first nitride semiconductor layer formed on a sub- 
strate and including, in an upper portion thereof, plural 
convexes extending at intervals along a substrate sur- 
face direction; a second nitride semiconductor layer 
formed on the first nitride semiconductor layer with a 
lower face thereof in contact with top faces of the con- 
vexes; and a lamination body formed on the second ni- 
tride semiconductor layer and including a third nitride 
semiconductor layer, an active layer formed from a 
fourth nitride semiconductor layer having a larger refrac- 
tive index than the third nitride semiconductor layer and 
a fifth nitride semiconductor layer having a smaller re- 
fractive index than the active layer, and the second ni- 
tride semiconductor layer has a refractive index smaller 
than or equivalent to a refractive index of the third nitride 
semiconductor layer. 

[0051] In the second nitride semiconductor device, 
the second nitride semiconductor layer is grown by us- 
ing, as the seed crystal, the top faces of the convexes 
formed in the shape of stripes in the upper portion of the 
first nitride semiconductor layer. Accordingly, gaps are 
formed between the convexes of the first nitride semi- 
conductor layer below the second nitride semiconductor 
layer. Furthermore, the second nitride semiconductor 
layer has a refractive index smaller than or equivalent 
to that of the third nitride semiconductor layer, the light 
confinement coefficient in the active layer can be defi- 
nitely increased by providing a current confinement part 
in the lamination body above the gap. 
[0052] The fourth method of fabricating a nitride sem- 
iconductor device of this invention achieves the second 
object and comprises the steps of forming a first nitride 
semiconductor layer on a substrate; forming, in an upper 
portion of the first nitride semiconductor layer, plural 
grooves extending at intervals along a substrate surface 
direction; forming a mask film for covering bottoms of 
the grooves; growing, by using, as a seed crystal, C 
planes corresponding to portions of a top face of the first 
nitride semiconductor layer exposed from the mask film 
between the grooves, a lamination body including a sec- 
ond nitride semiconductor layer, a third nitride semicon- 
ductor layer, an active layer formed from a fourth nitride 
semiconductor layer having a larger refractive index 
than the third nitride semiconductor layer and a fifth ni- 
tride semiconductor layer having a smaller refractive in- 



dex than the active layer stacked in this order from a 
substrate side; and forming, on the lamination body, a 
current confinement part for selectively injecting carriers 
into the active layer, and the step of growing the lami- 

5 nation body includes a sub-step of growing the second 
nitride semiconductor layer with a refractive index there- 
of smaller than or equivalent to a refractive index of the 
third nitride semiconductor layer. 
[0053] According to the fourth method of fabricating a 

10 nitride semiconductor device, the second nitride semi- 
conductor device of the invention can be definitely fab- 
ricated. 

[0054] The fifth method of fabricating a nitride semi- 
conductor device of this invention achieves the second 

15 object and comprises the steps of forming a first nitride 
semiconductor layer on a substrate; forming, in an upper 
portion of the first nitride semiconductor layer, plural 
grooves extending at intervals along a substrate surface 
direction; forming a mask film for covering bottoms and 

20 at least part of walls of the grooves; growing, by using, 
as a seed crystal, portions of the first nitride semicon- 
ductor layer exposed from the mask film between the 
grooves, a lamination body including a second nitride 
semiconductor layer, a third nitride semiconductor layer, 

25 an active layer formed from a fourth nitride semiconduc- 
tor layer having a larger refractive index than the third 
nitride semiconductor layer and a fifth nitride semicon- 
ductor layer having a smaller refractive index than the 
active layer stacked in this order from a substrate side; 

30 and forming, on the lamination body, a current confine- 
ment part for selectively injecting carriers into the active 
layer, and the step of growing the lamination body in- 
cludes a sub-step of growing the second nitride semi- 
conductor layer with a refractive index thereof smaller 

35 than or equivalent to a refractive index of the third nitride 
semiconductor layer. 

[0055] According to the fifth method of fabricating a 
nitride semiconductor device, the second nitride semi- 
conductor device of the invention can be definitely fab- 
40 ricated. 

[0056] The fourth method of fabricating a nitride sem- 
iconductor of this invention achieves the third object and 
comprises the steps of forming, on a substrate, a first 
nitride semiconductor layer of Al u Ga v ln w N, wherein 0 ^ 

45 u, v, w ^ 1 and u + v + w = 1 ; forming, in an upper portion 
of the first nitride semiconductor layer, plural convexes 
extending at intervals along a substrate surface direc- 
tion; forming a mask film for covering bottoms of recess- 
es formed between the convexes adjacent to each oth- 

50 er; and growing, on the first nitride semiconductor layer, 
plural second nitride semiconductor layers of Al x Ga y - 
ln z N, wherein 0 ^ x, y, z ^ 1 and x + y + z=1,by using, 
as a seed crystal, C planes corresponding to top faces 
of the convexes exposed from the mask film, and the 

55 step of forming the plural second nitride semiconductor 
layers includes a sub-step of forming each of the second 
nitride semiconductor layers in a manner that a facet of 
the second nitride semiconductor layer parallel to a di- 
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rection of extending the convexes is exposed every time 
the second nitride semiconductor layer extends over a 
given number of convexes among the plural convexes. 
[0057] In the fourth method of fabricating a nitride 
semiconductor, each of the second nitride semiconduc- 
tor layers is formed so as to expose the facet parallel to 
the direction of extending the convexes every time the 
second nitride semiconductor layer extends over a giv- 
en number of convexes among the plural convexes 
formed in the upper portion of the first nitride semicon- 
ductor layer. Accordingly, when the facet is used as a 
cavity facet, the cavity facet is obtained without being 
affected by a cleaved end and an etched end, resulting 
in reducing mirror loss of the cavity facet. 
[0058] The fifth method of fabricating a nitride semi- 
conductor of this invention achieves the third object and 
comprises the steps of forming, on a substrate, a first 
nitride semiconductor layer of Al u Ga v ln w N, wherein 0 ^ 
u, v, w ^ 1 and u + v + w = 1 ; forming, in an upper portion 
of the first nitride semiconductor layer, plural convexes 
extending at intervals along a substrate surface direc- 
tion; forming a mask film for covering bottoms and at 
least part of walls of recesses formed between the con- 
vexes adjacent to each other; and forming, on the first 
nitride semiconductor layer, plural second nitride semi- 
conductor layers of Al x Ga y ln 2 N, wherein 0 ^ x, y, z ^ 1 
and x + y + z=1,by using, as a seed crystal, portions 
of the convexes exposed from the mask film, and the 
step of forming the plural second nitride semiconductor 
layers includes a sub-step of forming each of the second 
nitride semiconductor layers in a manner that a facet of 
the second nitride semiconductor layer parallel to a di- 
rection of extending the convexes is exposed every time 
the second nitride semiconductor layer extends over a 
given number of convexes among the plural convexes. 
[0059] In the fifth method of fabricating a nitride sem- 
iconductor, each of the second nitride semiconductor 
layers is formed so as to expose the facet parallel to the 
direction of extending the convexes every time the sec- 
ond nitride semiconductor layer extends over a given 
number of convexes among the plural convexes formed 
in the upper portion of the first nitride semiconductor lay- 
er. Accordingly, when the facet is used as a cavity facet, 
the cavity facet is obtained without being affected by a 
cleaved end or an etched end, resulting in reducing mir- 
ror loss of the cavity facet. 

[0060] The sixth method of fabricating a nitride semi- 
conductor device of this invention achieves the third ob- 
ject and comprises the steps of forming a first nitride 
semiconductor layer on a substrate; forming, in an upper 
portion of the first nitride semiconductor layer, plural 
grooves extending at intervals along a substrate surface 
direction; forming a mask film for covering bottoms of 
the grooves; growing, by using, as a seed crystal, C 
planes corresponding to portions of a top face of the first 
nitride semiconductor layer exposed from the mask film 
between the grooves, plural lamination bodies each in- 
cluding a second nitride semiconductor layer, an active 



layer formed from a third nitride semiconductor layer 
having a smaller energy gap than the second nitride 
semiconductor layer and a fourth nitride semiconductor 
layer having a larger energy gap than the active layer 

5 stacked in this order from a substrate side; and forming, 
on each of the lamination bodies, a current confinement 
part for selectively injecting carriers into the active layer, 
and the step of growing the plural lamination bodies in- 
cludes a sub-step of forming each of the lamination bod- 

10 jes in a manner than a cavity facet including the current 
confinement part is exposed every time the lamination 
body extends over a given number of C planes of the 
first nitride semiconductor layer. 
[0061] In the sixth method of fabricating a nitride sem- 

15 iconductor device, the lamination bodies each including 
the active layer are formed by the fourth method of fab- 
ricating a nitride semiconductor of this invention. Ac- 
cordingly, the cavity facet is obtained without being af- 
fected by a cleaved end or an etched end, resulting in 

20 reducing mirror loss of the cavity facet. 

[0062] The seventh method of fabricating a nitride 
semiconductor device of this invention achieves the 
third object and comprises the steps of forming a first 
nitride semiconductor layer on a substrate; forming, in 

25 an upper portion of the first nitride semiconductor layer, 
plural grooves extending at intervals along a substrate 
surface direction; forming a mask film for covering bot- 
toms and at least part of walls of the grooves; growing, 
by using, as a seed crystal, portions of the first nitride 

30 semiconductor layer exposed from the mask film be- 
tween the grooves, plural lamination bodies each includ- 
ing a second nitride semiconductor layer, an active layer 
formed from a third nitride semiconductor layer having 
a smaller energy gap than the second nitride semicon- 

35 ductor layer and a fourth nitride semiconductor layer 
having a larger energy gap than the active layer stacked 
in this order from a substrate side; and forming, on each 
of the lamination bodies, a current confinement part for 
selectively injecting carriers into the active layer, and the 

40 step of growing the plural lamination bodies includes a 
sub-step of forming each of the lamination bodies in a 
manner than a cavity facet including the current confine- 
ment part is exposed every time the lamination body ex- 
tends over a given number of portions of the first nitride 

15 semiconductor layer sandwiched between the grooves 
adjacent to each other. 

[0063] In the seventh method of fabricating a nitride 
semiconductor device, the lamination bodies each in- 
cluding the active layer are formed by the fifth method 

50 of fabricating a nitride semiconductor of this invention. 
Accordingly, the cavity facet is obtained without being 
affected by a cleaved end or an etched end, resulting in 
reducing mirror loss of the cavity facet. 
[0064] The third nitride semiconductor device of this 

55 invention achieves the third and fourth objects and com- 
prises a first nitride semiconductor layer formed on a 
substrate and including, in an upper portion thereof, plu- 
ral convexes extending at intervals along a substrate 
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surface direction; a second nitride semiconductor layer 
formed on the first nitride semiconductor layer with gaps 
formed between side faces of the convexes; and a third 
nitride semiconductor layer formed on the second nitride 
semiconductor layer and including a cavity in the shape 
of a stripe into which confined carriers are injected, and 
the cavity is provided with a resonating direction of gen- 
erated light substantially perpendicular to a direction of 
extending the convexes. 

[0065] In the third nitride semiconductor device, the 
cavity is provided so that the resonating direction of gen- 
erated light can be substantially perpendicular to the di- 
rection of extending the convexes. Therefore, when the 
direction of extending the convexes is, for example, the 
M-axis direction and the resonating direction of the cav- 
ity is the A-axis direction, the cavity facet accords with 
the A plane. Accordingly, when the substrate is formed 
from sapphire, the cleaved end of the substrate is the M 
plane, and hence, the cleave can be eased so as to im- 
prove the yield in the cleavage. Also, in this case, al- 
though the cavity crosses plural convexes working as 
the seed crystal, the waveguide loss is also reduced be- 
cause the tilt in the C-axis between the first nitride sem- 
iconductor layer and the second nitride semiconductor 
layer is suppressed by the gaps formed in the first nitride 
semiconductor layer between the side faces of the con- 
vexes. 

[0066] The eighth method of fabricating a nitride sem- 
iconductor device of this invention achieves the third 
and fourth objects and comprises the steps of forming 
a first nitride semiconductor layer on a substrate; form- 
ing, in an upper portion of the first nitride semiconductor 
layer, plural first grooves extending at intervals along 
one substrate surface direction; forming a first mask film 
for covering bottoms of the first grooves; growing a sec- 
ond nitride semiconductor layer by using, as a seed 
crystal, C planes corresponding to portions of a top face 
of the first nitride semiconductor layer exposed from the 
first mask film between the first grooves; forming, in an 
upper portion of the second nitride semiconductor layer, 
plural second grooves extending at intervals in the one 
substrate surface direction and having portions between 
the second grooves adjacent to each other in different 
positions, in a substrate surface direction, from the por- 
tions between the first grooves adjacent to each other; 
forming a second mask film for covering bottoms of the 
second grooves; growing a third nitride semiconductor 
layer including an active layer by using, as a seed crys- 
tal, C planes corresponding to portions of a top face of 
the second nitride semiconductor layer exposed from 
the second mask film between the second grooves; and 
forming, on the third nitride semiconductor layer, a cur- 
rent confinement part with a resonating direction of gen- 
erated light substantially perpendicular to the one sub- 
strate surface direction. 

[0067] According to the eighth method of fabricating 
a nitride semiconductor device, the third nitride semi- 
conductor device of the invention can be definitely fab- 



ricated. 

[0068] The ninth method of fabricating a nitride sem- 
iconductor device of this invention achieves the third 
and fourth objects and comprises the steps of forming 
5 a first nitride semiconductor layer on a substrate; form- 
ing, in an upper portion of the first nitride semiconductor 
layer, plural first grooves extending at intervals along 
one substrate surface direction; forming a first mask film 
for covering bottoms and at least part of walls of the first 
grooves; growing a second nitride semiconductor layer 
by using, as a seed crystal, portions of the first nitride 
semiconductor layer exposed from the first mask film 
between the first grooves; forming, in an upper portion 
of the second nitride semiconductor layer, plural second 
grooves extending at intervals along the one substrate 
surface direction and having portions between the sec- 
ond grooves adjacent to each other in positions differ- 
ent, in a substrate surface direction, from portions be- 
tween the first grooves adjacent to each other; forming 
a second mask film for covering bottoms and at least 
part of walls of the second grooves; growing a third ni- 
tride semiconductor layer including an active layer by 
using, as a seed crystal, portions of the second nitride 
semiconductor layer exposed from the second mask 
film between the second grooves; and forming, on the 
third nitride semiconductor layer, a current confinement 
part with a resonating direction of generated light sub- 
stantially perpendicular to the one substrate surface di- 
rection. 

[0069] According to the ninth method of fabricating a 
nitride semiconductor device, the third nitride semicon- 
ductor device of the invention can be definitely fabricat- 
ed. 

[0070] The semiconductor light emitting device of this 
invention achieves the fifth object and comprises a first 
semiconductor layer formed on a substrate and includ- 
ing, in an upper portion thereof, plural first convexes ex- 
tending at intervals along a substrate surface direction; 
and a second semiconductor layer formed from a lami- 
nation body including an active layer on the first semi- 
conductor layer in contact with the first convexes and 
including, in an upper portion thereof, plural second con- 
vexes extending in a direction the same as the first con- 
vexes at intervals different from the intervals of the first 
convexes, and carriers are injected into the active layer 
from a top face of one of the plural second convexes. 
[0071] The second semiconductor layer generally 
formed by the ELOG includes a large number of thread- 
ing dislocations in regions above the first convexes, and 
hence, it is necessary to form a current injecting region 
in a position excluding such regions. In the semiconduc- 
tor light emitting device of this invention, since there is 
a difference between the formation cycle of the first con- 
vexes and the formation cycle of the second convexes, 
there appears, on the substrate, a region where the first 
convex accords with the second convex in a cycle larger 
than the formation cycles of these convexes. An align- 
ment mark can be easily and definitely provided by using 
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this large cycle, resulting in improving the yield and the 
throughput of the fabrication process. 
[0072] The first method of fabricating a semiconduc- 
tor light emitting device of this invention achieves the 
fifth object and comprises the steps of forming a first 
semiconductor layer on a substrate and forming, in an 
upper portion of the first semiconductor layer, plural first 
convexes extending at intervals along a substrate sur- 
face direction; forming, on the first semiconductor layer, 
a second semiconductor layer having a lower face in 
contact with the first convexes from a lamination body 
including an active layer, and forming, in an upper por- 
tion of the second semiconductor layer, plural second 
convexes extending in a direction the same as the first 
convexes at intervals different from the intervals of the 
first convexes; forming, on the substrate, a mark for 
aligning a mask for identifying a convex for injecting car- 
riers into the active layer among the plural second con- 
vexes; and aligning the mask by using the mark and 
forming one of the plural second convexes into a carrier 
injection part by using the mask. 
[0073] According to the first method of fabricating a 
semiconductor light emitting device, the semiconductor 
light emitting device of this invention can be definitely 
fabricated. 

[0074] The second method of fabricating a semicon- 
ductor light emitting device of this invention achieves the 
fifth object and comprises the steps of forming a first 
nitride semiconductor layer on a substrate; forming, in 
an upper portion of the first nitride semiconductor layer, 
plural grooves extending at intervals in a substrate sur- 
face direction; forming a mask film for covering bottoms 
of the grooves; growing, by using, as a seed crystal, C 
planes corresponding to portions of a top face of the first 
nitride semiconductor layer exposed from the mask film 
between the grooves, a lamination body including a sec- 
ond nitride semiconductor layer, an active layer formed 
from a third nitride semiconductor layer having a smaller 
energy gap than the second nitride semiconductor layer 
and a fourth nitride semiconductor layer having a larger 
energy gap than the active layer stacked in this order 
from a substrate side; forming, in an upper portion of the 
lamination body, plural convexes extending in a direc- 
tion the same as the grooves at intervals different from 
the intervals of the grooves; and selecting one convex 
in a position above any of the grooves and in the vicinity 
of an area between the grooves among the plural con- 
vexes and forming the selected convex into a carrier in- 
jection part for injecting carriers into the active layer. 
[0075] According to the second method of fabricating 
a semiconductor light emitting device, the semiconduc- 
tor light emitting device of this invention can be definitely 
fabricated. 

[0076] The third method of fabricating a semiconduc- 
tor light emitting device of this invention achieves the 
fifth object and comprises the steps of forming a first 
nitride semiconductor layer on a substrate; forming, in 
an upper portion of the first nitride semiconductor layer, 



plural grooves extending at intervals in a substrate sur- 
face direction; forming a mask film for covering bottoms 
and at least part of walls of the grooves; growing, by 
using, as a seed crystal, portions of the first nitride sem- 

5 iconductor layer exposed from the mask film between 
the grooves, a lamination body including a second ni- 
tride semiconductor layer, an active layer formed from 
a third nitride semiconductor layer having a smaller en- 
ergy gap than the second nitride semiconductor layer 

10 and a fourth nitride semiconductor layer having a larger 
energy gap than the active layer stacked in this order 
from a substrate side; forming, in an upper portion of the 
lamination body, plural convexes extending in a direc- 
tion the same as the grooves at intervals different from 

15 the intervals of the grooves; and selecting one convex 
in a position above any of the grooves and in the vicinity 
of an area between the grooves among the plural con- 
vexes and forming the selected convex into a carrier in- 
jection part for injecting carriers into the active layer. 

20 [0077] According to the third method of fabricating a 
semiconductor light emitting device, the semiconductor 
light emitting device of this invention can be definitely 
fabricated. 



25 BRIEF DESCRIPTION OF THE DRAWINGS 
[0078] 

Figure 1 is a cross-sectional view for showing the 
30 ' structure of a gallium nitride-based semiconductor 
laser diode according to Embodiment 1 of the in- 
vention; 

Figures 2(a) and 2(b) are cross-sectional views for 
showing procedures in fabrication of the gallium ni- 
35 tride-based semiconductor laser diode of Embodi- 
ment 1; 

Figures 3(a) and 3(b) are cross-sectional views for 
showing other procedures in the fabrication of the 
gallium nitride-based semiconductor laser diode of 
^o Embodiment 1 ; 

Figure 4 is a cross-sectional view for showing an- 
other procedure in the fabrication of the gallium ni- 
tride-based semiconductor laser diode of Embodi- 
ment 1; 

45 Figure 5 is a schematic cross-sectional view for 
showing the characteristic of the fabrication of the 
gallium nitride-based semiconductor laser diode of 
Embodiment 1; 

Figures 6(a), 6(b), 6(c) and 6(d) are schematic 
50 cross-sectional views for showing, in a stepwise 
manner, the characteristic of the fabrication of the 
gallium nitride-based semiconductor laser diode of 
Embodiment 1; 

Figure 7 is a graph for showing comparison in pho- 
55 toluminescence at room temperature of a selective- 
ly grown layer between a gallium nitride-based 
semiconductor laser diode according to Modifica- 
tion 1 of Embodiment 1 and the semiconductor laser 
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diode of Embodiment 1 ; 

Figure 8 is a cross-sectional view for showing the 
structure of a gallium nitride-based semiconductor 
laser diode according to Modification 2 of Embodi- 
ment 1; 5 
Figure 9 is a cross-sectional view for showing the 
structure of a gallium nitride-based semiconductor 
laser diode according to Embodiment 2 of the in- 
vention; 

Figures 10(a) and 10(b) are cross-sectional views w 
for showing procedures in fabrication of the gallium 
nitride-based semiconductor laser diode of Embod- 
iment 2; 

Figure 11 is a cross-sectional view for showing an- 
other procedure in the fabrication of the gallium ni- 15 
tride-based semiconductor laser diode of Embodi- 
ment 2; 

Figure 12 is a cross-sectional view for showing still 
another procedure in the fabrication of the gallium 
nitride-based semiconductor laser diode of Embod- 20 
iment 2; 

Figure 13 is a graph for showing a far-field pattern, 
along a direction parallel to a cavity facet, of a laser 
beam emitted from the gallium nitride-based semi- 
conductor laser diode of Embodiment 2; 25 
Figure 14 is a cross-sectional view for showing the 
structure of a gallium nitride-based semiconductor 
laser diode according to Embodiment 3 of the in- 
vention; 

Figure 1 5 is a graph for showing the relationship be- so 
tween the distribution of a refractive index in a ridge 
along a direction vertical to a substrate surface and 
the distribution of light intensity on a cavity facet in 
the gallium nitride-based semiconductor laser di- 
ode of Embodiment 3; 35 
Figure 16 is a graph for showing a far-field pattern, 
along a direction parallel to the cavity facet, of a la- 
ser beam emitted by the gallium nitride-based sem- 
iconductor laser diode of Embodiment 3; 
Figure 17 is a plane photograph obtained with an *o 
optical microscope and a corresponding cross-sec- 
tional view of a selectively grown layer before form- 
ing a lamination body 30 in the gallium nitride-based 
semiconductor laser diode of Embodiment 3; 
Figure 18 is a cross-sectional view for showing the 45 
structure of a gallium nitride-based semiconductor 
laser diode according to Embodiment 4 of the in- 
vention; 

Figure 19(a) is a cross-sectional view for schemat- 
ically showing a selective growth mechanism in fab- so 
rication of the gallium nitride-based semiconductor 
laser diode of Embodiment 4; 
Figure 19(b) is a cross-sectional view for schemat- 
ically showing a selective growth mechanism in fab- 
rication of a gallium nitride-based semiconductor la- 55 
ser diode according to Conventional Example 2; 
Figure 20(a) is a partial perspective view for show- 
ing an effect of forming a selectively grown layer in 



two steps in the fabrication of the gallium nitride- 
based semiconductor laser diode of Embodiment 4; 
Figure 20(b) is a partial perspective view for com- 
parison for showing a state where roughness is 
caused on a side face of a selectively grown layer 
of a gallium nitride-based semiconductor laser di- 
ode; 

Figures 21 (a), 21 (b), 21 (c) and 21 (d) are schematic 
cross-sectional views for showing, in a stepwise 
manner, the characteristic of the fabrication of the 
gallium nitride-based semiconductor laser diode of 
Embodiment 4; 

Figure 22 is a cross-sectional view for showing the 
structure of a gallium nitride-based semiconductor 
laser diode according to Embodiment 5 taken on the 
M plane of a lamination body, namely, the A plane 
of a substrate; 

Figure 23 is a cross-sectional view of the gallium 
nitride-based semiconductor laser diode of Embod- 
iment 5 taken on line XXIII-XXIII of Figure 22; 
Figure 24 is a cross-sectional view for showing the 
structure of a gallium nitride-based semiconductor 
laser diode according to Modification 1 of Embodi- 
ment 5 taken on the M plane of a lamination body, 
namely, the A plane of a substrate; 
Figure 25 is a cross-sectional view for showing the 
structure of a gallium nitride-based semiconductor 
laser diode according to Modification 2 of Embodi- 
ment 5 taken on the M plane of a lamination body, 
namely, the A plane of a substrate; 
Figure 26 is a cross-sectional view for showing the 
structure of a gallium nitride-based semiconductor 
laser diode according to Modification 3 of Embodi- 
ment 5 taken on the M plane of a lamination body, 
namely, the A plane of a substrate; 
Figure 27 is a cross-sectional view for showing the 
structure of a gallium nitride-based semiconductor 
laser diode according to Embodiment 6 of the in- 
vention taken on the A plane of a lamination body, 
namely, the M plane of a substrate; 
Figures 28(a) and 28(b) are cross-sectional views 
for showing procedures in fabrication of the gallium 
nitride-based semiconductor laser diode of Embod- 
iment 6; 

Figures 29(a) and 29(b) are cross-sectional views 
for showing other procedures in the fabrication of 
the gallium nitride-based semiconductor laser di- 
ode of Embodiment 6; 

Figures 30(a) and 30(b) are cross-sectional views 
for showing still other procedures in the fabrication 
of the gallium nitride-based semiconductor laser di- 
ode of Embodiment 6; 

Figure 31 is a cross-sectional view for showing an- 
other procedure in the fabrication of the gallium ni- 
tride-based semiconductor laser diode of Embodi- 
ment 6; 

Figure 32 is a cross-sectional view for showing the 
structure of a gallium nitride-based semiconductor 
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laser diode according to Embodiment 7 of the in- 
vention; 

Figure 33 is a cross-sectional view for showing a 
procedure in fabrication of the gallium nitride-based 
semiconductor laser diode of Embodiment 7; 
Figure 34 is a cross-sectional view for showing an- 
other procedure in the fabrication of the gallium ni- 
tride-based semiconductor laser diode of Embodi- 
ment 7; 

Figure 35 is a cross-sectional view for showing still 
another procedure in the fabrication of the gallium 
nitride-based semiconductor laser diode of Embod- 
iment 7; 

Figures 36(a) and 36(b) show the fabrication of the 
gallium nitride-based semiconductor laser diode of 
Embodiment 7, wherein Figure 36(a) is a cross-sec- 
tional view of an appropriate ridge and an inappro- 
priate ridge for use in current injection and Figure 
36(b) is a cross-sectional view of a state where 
identification marks are cyclically provided on re- 
spective ridges; 

Figure 37 is a cross-sectional view of a gallium ni- 
tride-based semiconductor laser diode according to 
Conventional Example 1 ; 

Figure 38 is a cross-sectional view for schematically 
showing the distribution of crystal dislocations in 
gallium nitride formed by ELOG according to Con- 
ventional Example 2; 

Figure 39 is a cross-sectional view for showing the 
structure of the gallium nitride-based semiconduc- 
tor laser diode of Conventional Example 2; 
Figures 40(a), 40(b), 40(c) and 40(d) are schematic 
cross-sectional views for showing, in a stepwise 
manner, crystal growth in fabrication of the gallium 
nitride-based semiconductor laser diode of Con- 
ventional Example 2; 

Figure 41 is a graph for showing the relationship, in 
the gallium nitride-based semiconductor laser di- 
ode of Conventional Example 1, the distribution of 
a refractive index, along a direction vertical to a sub- 
strate surface, in a ridge and the distribution of light 
intensity on a cavity facet; 

Figure 42 is a graph for showing a far-field pattern 
of the gallium nitride-based semiconductor laser di- 
ode of Conventional Example 1; and 
Figure 43 is a schematic perspective view of 
cleaved ends of a substrate and a cavity in the gal- 
lium nitride-based semiconductor laser diode of 
Conventional Example 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

EMBODIMENT 1 

[0079] Embodiment 1 of the invention will now be de- 
scribed with reference to the accompanying drawings. 
[0080] Figure 1 shows the sectional structure of a gal- 
lium nitride-based semiconductor laser diode according 



to this embodiment. 

[0081] As is shown in Figure 1, on a substrate 11 of 
sapphire (crystalline Al 2 0 3 ), a seed layer 12 of gallium 
nitride (GaN) for ELOG is formed with a low temperature 
buffer layer (not shown) of GaN sandwiched therebe- 
tween. 

[0082] Convexes 12a in the shape of stripes extend- 
ing at intervals along a substrate surface direction are 
formed in an upper portion of the seed layer 12, and a 
mask film 13 of silicon nitride (SiN*) is formed on the 
bottom and the walls of each concave (groove) 12b 
formed between the convexes 12a. 
[0083] On the seed layer 1 2, a selectively grown layer 
14 of GaN is formed so as to be in contact with the re- 
spective convexes 12a and to have gaps 12c between 
its lower face and the bottoms of the grooves 12b. 
[0084] The group 1 1 1 elements of the seed layer 1 2 and 
the selectively grown layer 14 are not limited to gallium 
but may include aluminum and indium. Specifically, the 
materials for the seed layer 12 and the selectively grown 
layer 14 are represented by Al u Ga v ln w N, wherein 0 ^ 
u, v, w ^ 1 and u + v + w = 1 . 

[0085] On the selectively grown layer 1 4, a lamination 
body 30 consisting of plural nitride semiconductor layers 
including double heterojunction of the laser diode is 
formed. 

[0086] Specifically, the lamination body 30 includes 
an n-type contact layer 1 5 of n-type GaN, an n-type clad- 
ding layer 16 of n-type AI 007 Ga 093 N, an n-type light 
guiding layer 17 of n-type GaN, a multiple quantum well 
(MQW) active layer 18 including a well layer of 
Ga 0 8 ln 0 2 N with a thickness of approximately 3 nm and 
a barrier layer of GaN with a thickness of 6 nm, a p-type 
light guiding layer 19 of p-type GaN, a p-type cladding 
layer 20 of p-type Al 0 07 Ga 0 93 N and a p-type contact 
layer 21 of p-type GaN successively formed on the se- 
lectively grown layer 14. 

[0087] As is well known, in the double heterojunction 
type laser structure, the energy gap of the well layer con- 
taining indium and included in the MQW active layer 18 
is smaller than the energy gap of the n-type and p-type 
cladding layers 16 and 20 containing aluminum. On the 
other hand, the refractive index is the largest in the well 
layer of the MQW active layer 18 and is smaller in the 
order of the light guiding layers 17 and 19 and the clad- 
ding layers 16 and 20. 

[0088] An upper ponton of the p-type cladding layer 
20 and the p-type contact layer 21 is formed into a ridge 
31 working as a current confining portion corresponding 
to a current injecting region with a width of approximate- 
ly 3 through 5 \im. 

[0089] The lamination body 30 including the MQW ac- 
tive layer 18 is etched so as to partly expose the n-type 
contact layer 15, and the top face and the side face of 
the etched lamination body 30 are covered with an in- 
sulating film 22 of silicon oxide. 

[0090] In a portion of the insulating film 22 on the p- 
type contact layer 21, an opening parallel to the convex 
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1 2a is formed. On a portion of the insulating film 22 over 
and on both sides of the ridge 31, a p-side electrode 23 
including stacked layers of nickel (Ni) and gold (Au) is 
formed to be in ohmic contact with the p-type contact 
layer 21 through the opening. 

[0091] On a portion of the n-type contact layer 1 5 not 
covered with the insulating film 22, an n-side electrode 
24 including stacked layers of titanium (Ti) and alumi- 
num (Al) is formed so as to be in ohmic contact with the 
n-type contact layer 15. 

[0092] At this point, the ridge 31 is formed in a dislo- 
cation low-density region including fewer crystal dislo- 
cations positioned above the gap 12c. 
[0093] Now, a method of fabricating the semiconduc- 
tor laser diode having the aforementioned structure will 
be described with reference to the accompanying draw- 
ings. 

[0094] Figures 2(a), 2(b), 3(a), 3(b) and 4 are section- 
al views for showing procedures in the method of fabri- 
cating the semiconductor laser diode of Embodiment 1 . 
[0095] First, as is shown in Figure 2(a), after setting 
the substrate temperature at approximately 500°C 
through 530°C, trimethyl gallium (TMG) serving as a 
group III element source and ammonia (NH 3 ) serving as 
a nitrogen source are supplied onto a substrate 11 hav- 
ing the C plane (= the (0001) surface orientation) as the 
principal plane by, for example, MOVPE, thereby depos- 
iting a low temperature buffer layer (not shown) of GaN. 
Subsequently, after increasing the substrate tempera- 
ture to approximately 1020°C through 1030°C, TMG 
and NH 3 are supplied onto the substrate 11, thereby 
growing a seed layer 12 of GaN. 

[0096] Next, as is shown in Figure 2(b), after applying 
a resist film on the seed layer 12, the resist film is pat- 
terned into stripes by photolithography, thereby forming 
a resist pattern 40. Then, the seed layer 12 is dry etched 
by using the resist pattern 40 as a mask. Thus, a cyclic 
structure including, as one cycle, a convex 12a with a 
sectional width of approximately 3 jim and a groove (re- 
cess) 12b with a sectional width of approximately 1 2 um 
is formed in the upper portion of the seed layer 12. 
[0097] Then, as is shown in Figure 3(a), a mask film 
13 of silicon nitride is deposited on the bottoms and the 
walls of the grooves 12b of the seed layer 12 and the 
resist pattern 40 by electron cyclotron resonance (ECR) 
sputtering. At this point, solid silicon is used as the raw 
material of silicon, nitrogen is used as a reaction gas 
and argon is used as plasma gas. Since the ECR sput- 
tering is employed for depositing the mask film 13, the 
mask film 13 with high quality can be formed at a low 
temperature. 

[0098] Next, as is shown in Figure 3(b), the resist pat- 
tern 40 is lifted off, thereby removing the resist pattern 
40 and a portion of the mask film 13 deposited on the 
resist pattern 40. The mask film 13 may cover whole or 
a part of the wall of the groove 12b. 
[0099] Subsequently, as is shown in Figure 4, a se- 
lectively grown layer 14 of GaN is grown on the seed 



layer 12 by the MOVPE again by using, as the seed crys- 
tal, the C plane appearing on the top faces of the con- 
vexes 12a exposed from the mask film 13. At this point, 
the selectively grown layer 14 grows upward from the 
top face of each convex 12a as well as grows along a 
direction parallel to the substrate surface (i.e., laterally 
grows). Therefore, the crystals grown from the both 
sides of each groove 12b meet each other at substan- 
tially the center of the groove 12b, so as to form a junc- 
tion portion 14a. As a result, the respective crystals 
grown from the top faces of the plural convexes 12a are 
integrated and the integrated top face accords with the 
C plane. Subsequently, on the integrated selectively 
grown layer 14, an n-type contact layer 15, an n-type 
cladding layer 16, an n-type light guiding layer 17, a 
MQW active layer 18, a p-type light guiding layer 19, a 
p-type cladding layer 20 and a p-type contact layer 21 
are successively grown, thereby forming a lamination 
body 30. 

[0100] Thereafter, as is shown in Figure 1, a ridge 31 
for selectively injecting a current into the MWQ active 
layer 18 is formed from the upper portion of the p-type 
cladding layer 20 and the p-type contact layer 21 in a 
dislocation low-density region positioned above the gap 
12c and not overlapping the junction portion 14a. 
[0101] Then, the lamination body 30 excluding the 
ridge 31 is dry etched so as to partly expose the n-type 
contact layer 15, and an insulating film 22 is deposited 
on the exposed faces of the lamination body 30. Next, 
after selectively forming openings in portions of the in- 
sulating film 22 on the ridge 31 and the n-type contact 
layer 15, a p-side electrode 23 is formed over and on 
both sides of the ridge 31 exposed in the opening of the 
insulating film 22 and an n-side electrode 24 is formed 
on a portion of the n-type contact layer 15 exposed in 
the opening of the insulating film 22 by deposition or 
sputtering. 

[01 02] In the semiconductor laser diode thus fabricat- 
ed, when a predetermined voltage in a forward direction 
is applied between the p-side electrode 23 and the n- 
side electrode 24, holes are injected from the p-side 
electrode 23 and electrons are injected from the n-side 
electrode 24 into the MQW active layer 18. As a result, 
optical gain is generated in the MQW active layer 18, so 
as to show laser action at a wavelength of approximately 
404 nm. 

[0103] As is shown in Figure 5, in a portion of the se- 
lectively grown layer 14 above the seed crystal, namely, 
above the convex 12a, a dislocation high-density region 
14b with a dislocation density of approximately 1 x 10 9 
cm -2 is formed. On the other hand, a laterally grown re- 
gion of the selectively grown layer 14 is formed into a 
dislocation low-density region 14c with a dislocation 
density of approximately 1 x 10 7 cm 2 . Accordingly, when 
the ridge 31 , namely, the current injecting region serving 
as a cavity of laser, is formed above the dislocation low- 
density region 14c of the lamination body 30, the relia- 
bility of the laser diode can be improved. 
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[0104] Now, the effect attained by the grooves 12b of 
the seed layer 12, that is, the characteristic of this em- 
bodiment, will be described with reference to Figures 6 
(a) through 6(d). 

[0105] As is shown in Figure 6(a), the grooves 12b in 5 
the shape of stripes are formed in the upper portion of 
the seed layer 12, and the mask film 13 is formed at 
least on the bottoms of the grooves. 
[0106] Then, as is shown in Figures 6(b) and 6(c), the 
selectively grown layers 14 are grown by using, as the 
seed crystal, the top faces of the convexes 12a sand- 
wiched between the grooves 1 2b. At this point, polycrys- 
tals 41 of GaN may be deposited on the mask film 13. 
[0107] Next, as is shown in Figure 6(d), even when 
the selectively grown layers 14 are integrated by con- 
tinuing the ELOG with the polycrystals 41 deposited, 
there still remains a level difference between the top 
face of the convex 12a serving as the seed crystal and 
the bottom of the groove 12b where the polycrystal 41 
is deposited. Accordingly, the polycrystals 41 never af- 
fect the crystallinity of the selectively grown layer 14 and 
the lamination body 30. As a result, variation in the crys- 
tallinity of the lamination body 30 can be largely re- 
duced, so as to largely improve the yield in the fabrica- 
tion of the semiconductor laser diode. 
[0108] The junction portion 14a threading the selec- 
tively grown layer 14 and the lamination body 30 shown 
in Figure 1 along a direction vertical to the substrate sur- 
face is formed as a small angle boundary where edge 
dislocations are collected. Accordingly, although elec- 
trons injected from the n-side electrode 24 pass through 
a plurality of junction portions 14a to reach the MQW 
active layer 18, the dislocations collected in the junction 
portions 14a never prevent the injection of the electrons. 
[0109] In forming the semiconductor laser diode on a 
chip, it is necessary to form a cavity facet working as a 
mirror face of the cavity. In general, the cavity facet of a 
semiconductor laser diode is formed by cleaving the 
substrate 11, and flaws and cracks may be caused in 
the substrate 11 during the cleavage. 
[01 1 0] In the fabrication method for a semiconductor 
laser diode of Conventional Example 2 shown in Figure 
39, since the substrate 401 and the lowermost semicon- 
ductor layer 404 are in contact with each other, a flaw 
caused in the substrate 401 may reach the lamination 
body including the MQW active layer 306, which can dis- 
advantageous^ largely spoil the operation and the op- 
tical characteristics of the laser diode. 
[0111] On the other hand, according to this embodi- 
ment, since the gaps 1 2c are provided between the sub- 
strate 11 and the lamination body 30, flaws caused in 
the substrate 11 can be stopped by the gaps 12c. Ac- 
cordingly, possibility of damage of the lamination body 
30 due to the flaws caused in the substrate 1 1 can be 
remarkably reduced. 

[0112] Furthermore, in the fabrication method for a 
semiconductor laser diode of Conventional Example 1 
shown in Figure 37, when a nitride semiconductor layer 



is grown on the substrate 301 of sapphire or silicon car- 
bide, the dislocation density of the crystal is as high as 
approximately 10 9 cm -2 . In the semiconductor crystal 
having such a high dislocation density, a step on the 
crystal surface is terminated during step flow growth due 
to the dislocations, screw dislocations in particular, in- 
cluded at a high density, resulting in forming microfacets 
on the crystal surface. Accordingly, the crystal surface 
becomes irregular and the crystal becomes poor in flat- 
ness. As a result, in growing the MQW active layer 306 
including indium, the quantity of a raw material of indium 
incorporated into the crystal is varied, resulting in caus- 
ing harmful effects such as increase of the threshold cur- 
rent of the laser diode. 

[01 13] In the fabrication method of this embodiment, 
uniform step flow growth is observed in a laterally grown 
region, namely, the dislocation low-density region 14c 
of Figure 5, and the crystal surface is good at flatness. 
As a result, in growing the MQW active layer 18, local 
segregation of indium can be avoided, resulting in low- 
ering the threshold current. 

[0114] The MOVPE is used for growing the nitride 
semiconductor in this embodiment, which does not limit 
the invention. Any growth method other than the 
MOVPE such as halide vapor phase epitaxial (HVPE) 
growth and molecular beam epitaxial (MBE) growth may 
be used as far as a nitride semiconductor can be grown. 
This goes for respective embodiments described below. 
[0115] Furthermore, although the substrate 11 is 
made from sapphire in this embodiment, for example, 
silicon carbide, neodymium gallate (NGO), gallium ni- 
tride or the like can be used instead of sapphire. 
[0116] Although the seed layer 12 is grown on the 
substrate 1 1 in two steps with the low temperature buffer 
layer formed therebetween in this embodiment, the low 
temperature buffer layer is not always necessary as far 
as the seed layer 12 can be formed in monocrystal. 
[0117] Although the lift-off method is employed for 
forming the convexes 12a in the upper portion of the 
seed layer 12 in this embodiment, any other method can 
be employed as far as the convexes 12a and the 
grooves 12b can be formed with the mask film 13 re- 
maining at least on the bottoms of the grooves 12b. In 
other words, any method can be employed as far as the 
C plane of the convexes 12a not covered with the mask 
film 13 can be used as the seed crystal and the gaps 
12c can be formed. Furthermore, in stead of forming the 
convexes 12a through recess etching for etching the up- 
per portion of the seed layer 1 2, a mask film for selective 
growth with an opening pattern in the shape of stripes 
may be formed on the flat top face of the seed layer 12 
so as to grow the convexes projecting from the opening 
pattern of the mask film. 

[0118] Moreover, the mask film 13 may be formed 
merely on the bottoms of the grooves 12b as far as the 
gaps 12c can be formed. 

[0119] Although the mask film 13 is formed from sili- 
con nitride in this embodiment, another dielectric fllmor 
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amorphous insulating film may be used instead of the 
silicon nitride film. Specifically, silicon oxide (Si0 2 ), ni- 
trided silicon oxide (SiON), aluminum oxide (Al 2 0 3 ), ni- 
trided aluminum oxide (AINO), titanium oxide (Ti0 2 ), zir- 
conium oxide (Zr0 2 ) or niobium oxide (Nb 2 0 3 ) may be 5 
used. Films of these materials can be comparatively 
easily formed by the ECR sputtering. 

MODIFICATION 1 OF EMBODIMENT 1 

10 

[0120] As Modification 1 of Embodiment 1, a mask 
film of a metal with a high melting point or a metal com- 
pound with a high melting point will be described. 
[0121] When tungsten (W), that is, a metal with a high 
melting point, is used for the mask film 1 3 for the selec- * 5 
tive growth, the selectivity of crystal growth can be im- 
proved as compared with the case where the mask film 
13 is formed from a dielectric, and hence, deposition of 
polycrystals 41 on the mask film 13 can be further sup- 
pressed. As a result, the lamination body 30 with high 20 
quality can be very easily formed without being affected 
by the polycrystals 41 . 

[0122] This is because the bonding strength between 
the mask film 13 and the nitride semiconductor crystal 
is lower when the mask film 13 is formed from a metal 
than when it is formed from a dielectric. 
[0123] Tungsten, that is, a metal with a high melting 
point, is stable in its characteristics owing to its melting 
point of 3380°C the highest among those of metals and 
its low vapor pressure. Therefore, an impurity such as 
silicon and oxygen can be prevented from being mixed 
in the selectively grown layer 14 differently from the case 
where a dielectric such as silicon oxide is used. As a 
result, a deep level and a non-luminescent center are 
never formed in the selectively grown layer 14 formed 
by using the mask film 1 3 of tungsten. 
[0124] Figure 7 shows comparison in photolumines- 
cence at room temperature between a selectively grown 
layer 14 formed by using a mask film 13 of a dielectric 
and a selectively grown layer 1 4 formed by using a mask 
film 13 of a metal with a high melting point. 
[0125] As is shown in Figure 7, in the selectively 
grown layer 14 of Modification 1, there is no lumines- 
cence at a deep level of a wavelength of approximately 
430 nm, and very strong luminescence can be obtained 
at the end of the band. This reveals that the selectively 
grown layer 14 of Modification 1 has higher quality than 
the selectively grown layer 14 of Embodiment 1 . Accord- 
ingly, when the lamination body 30 is grown on the se- 
lectively grown layer 14 with such high quality, the MQW 
active layer 18 can attain higher luminous efficiency. 
[01 26] Although tungsten is used for the mask film 1 3 
of Modification 1 , another metal with a high melting point 
or a metal compound with a high melting point may be 
used instead. For example, molybdenum (Mo), niobium 
(Nb), tungsten silicide (WSi x ), molybdenum silicide 
(MoSi x ) or niobium silicide (NbSi x ) may be used. Films 
of these materials can be comparatively easily formed 



by electron beam deposition or sputtering. 

MODIFICATION 2 OF EMBODIMENT 1 

[01 27] Figure 8 shows the sectional structure of a gal- 
lium nitride-based semiconductor laser diode according 
to Modification 2 of Embodiment 1 . In Figure 8, like ref- 
erence numerals are used to refer to like elements 
shown in Figure 1 so as to omit the description. 
[0128] As is shown in Figure 8, in the semiconductor 
laser diode of Modification 2, then-type cladding layer 
1 6 of n-type Al 0 07 Ga 0 93 N is directly formed on the seed 
layer 12 without forming a selectively grown layer and 
an n-type contact layer therebetween. 
[0129] As described in Embodiment 1, since the 
grooves 12b are formed in the upper portion of the seed 
layer 12 excluding portions serving as the seed crystal, 
the gaps 1 2c are formed on the mask film 1 3. Therefore, 
even when polycrystals are deposited on the mask film 
13, the polycrystals are never incorporated into a sem- 
iconductor layer selectively grown on the seed layer 12. 
As a result, the selectively grown semiconductor layer 
can attain so good crystallinity that the n-type cladding 
layer 16 corresponding to a part of the lamination body 
30 of the laser structure can be formed directly on the 
seed layer 12. In this case, the n-side electrode 24 is 
provided on an exposed portion of the n-type cladding 
layer 16. 



[01 30] Embodiment 2 of the invention will now be de- 
scribed with reference to the accompanying drawings. 
[0131] Figure 9 shows the sectional structure a gal- 
lium nitride-based semiconductor laser diode using the 
M plane as a cavity facet according to Embodiment 2. 
In Figure 9, like reference numerals are used to refer to 
like elements shown in Figure 1 so as to omit the de- 
scription. 

[0132] In the semiconductor laser diode of this em- 
bodiment, convexes 11a in the shape of stripes for the 
selective growth are formed in an upper portion of a sub- 
strate 11 A of, for example, sapphire along a direction 
vertical to the M plane of the cavity facet, namely, along 
the A-axis (= <11-20>) of the substrate 11 A. 
[0133] In this case, an n-type contact layer 15 is char- 
acterized by being directly formed by using, as a seed 
crystal, monocrystal nuclei generated on the C plane of 
the respective convexes 11a of the substrate 11 A. 
[01 34] Now, a method of fabricating the semiconduc- 
tor laser diode having the aforementioned structure will 
be described with reference to the drawings. 
[0135] Figures 10(a), 10(b), 11 and 12 are sectional 
views for showing procedures in the method of fabricat- 
ing the semiconductor laser diode of Embodiment 2. 
[01 36] First, as is shown in Figure 10(a), after a resist 
film is applied on a substrate 1 1 A having the C plane as 
the principal plane, the resist film is patterned into 
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stripes by the photolithography, thereby forming a resist 
pattern 40 in the shape of stripes extending along the 
A-axis of the substrate 1 1 A with a cycle of approximately 
10 through 30 u.m. Subsequently, by using the resist pat- 
tern 40 as a mask, grooves 11b each with a sectional 5 
width of approximately 9 through 27 u,m and a depth of 
approximately 20 through 500 nm are formed in an up- 
per portion of the substrate 11 A by dry etching such as 
reactive ion etching (RIE). In this embodiment, a convex 
11a formed between the grooves 11b has a sectional 
width of approximately 1 through 3 jim. 
[0137] Next, as is shown in Figure 10(b), the resist 
pattern 40 is removed, so as to obtain the substrate 1 1 A 
having, in its upper portion, the convexes 11a in the 
shape of stripes extending along the A-axis. 
[01 38] Then , as is shown in Figure 1 1 , after increasing 
the substrate temperature to approximately 1000°C, tri- 
methyl gallium (TMG), ammonia (NH 3 ) and silane (SiH 4 ) 
are supplied onto the substrate 11A in, for example, a 
mixed atmosphere of hydrogen and nitrogen at a pres- 
sure of approximately 100 Torr (1 Torr = 133.322 Pa), 
so as to grow an n-type contact layer 1 5 of n-type GaN 
on the substrate 11 A by the MOVPE by using, as the 
seed crystal, monocrystal nuclei generated on the C 
plane appearing on the top faces of the convexes 11a. 
At this point, the n-type contact layer 1 5 is grown not 
only upward from the top faces of the convexes 1 1 a but 
also atong a direction parallel to the substrate surface. 
The crystals grown from the both sides of the groove 
11b meet each other so as to form a junction portion 
1 5a at substantially the center of the groove 11b. In this 
manner, the crystals grown from the top faces of the plu- 
ral convexes 1 1a are integrated, so as to form the n-type 
contact layer 1 5 having the C plane as the top face. Also 
at this point, plural gaps 11c are formed so as to be sur- 
rounded with the bottoms and the walls of the respective 
grooves 11b and the lower face of the n-type contact 
layer 1 5. 

[0139] Now, growth mechanism in the selective 
growth by using the substrate 11 A of sapphire will be 
described. 

[0140] In growing a nitride semiconductor in general 
on a substrate having a different lattice constant from 
the nitride semiconductor, if GaN crystal is directly 
grown on the substrate without forming a low tempera- 
ture buffer layer of a nitride semiconductor therebe- 
tween, merely a three-dimensional film including a com- 
bination of monocrystal nuclei of GaN is formed. 
[0141] On the other hand, according to this embodi- 
ment, since the dry etching is employed for forming the 
grooves 11b of the substrate 11 A, damage layers de- 
rived from the dry etching are formed on the bottoms 
and the walls of the grooves 11b. Therefore, generation 
of the monocrystal nuclei are prevented on the bottoms 
and the walls of the grooves 11b. Furthermore, the top 
face of each convex 1 1 a not subjected to the dry etching 
has a small sectional width of approximately 1 through 
3 p.m, and hence, monocrystal nuclei with a high density 



can be easily generated thereon. In this manner, the 
monocrystal nuclei generated on the top faces of the 
convexes 11a work as the seed crystal for the selective 
growth, resulting in accelerating the selective growth 
along the substrate surface direction under the afore- 
mentioned conditions. 

[0142] In Figure 11, threading dislocations are ob- 
served in a selectively grown region excluding the junc- 
tion portions 15a at a density of approximately 1 x 10 6 
cm -2 while dislocations horizontal to the C plane are ob- 
served in the junction portions 15a at a density of ap- 
proximately 4 x 10 7 cm' 2 . The thickness of the n-type 
contact layer 15 depends upon the width and the like of 
the groove 11b and is herein approximately 2 through 
6 urn. Also, a tilt angle between the C-axis in a portion 
of the n-type contact layer 1 5 above the convex 11a and 
the C-axis in a portion thereof above the gap 1 1 c is sup- 
pressed to 0.01 through 0.03 degree. 
[0143] The tilt angle can be thus very small in the 
ELOG of this embodiment as compared with that in the 
conventional ELOG because the n-type contact layer 1 5 
corresponding to the crystal layer formed through the 
ELOG is not in contact with the substrate 11 A, and 
hence, stress as in the conventional ELOG is not applied 
to the interface with the mask film 13. 
[0144] At this point, a void in the shape of a reverse 
V having an opening on the gap 1 1 c is formed in a lower 
portion of the junction portion 15a. 
[0145] Furthermore, in this embodiment, even when 
polycrystals are deposited on the bottoms of the 
grooves 1 1b in the selective growth of the n-type contact 
layer 15, the polycrystals are never in contact with the 
n-type contact layer 15 owing to a level difference 
caused between the convex 11a and the groove 11b 
formed in the upper portion of the substrate 11 A. There- 
fore, the crystal quality of the lamination body 30 is never 
harmfully affected. As a result, variation in the operation 
characteristic of the laser diode including the lamination 
body 30 can be reduced, so as to improve the yield. 
[0146] Next, as is shown in Figure 12, the rest of sem- 
iconductor layers of the lamination body 30 are formed 
on the n-type contact layer 15. 

[0147] Specifically, after setting the substrate temper- 
ature to, for example, approximately 970°C, an n-type 
cladding layer 16, an n-type light guiding layer 17, a 
MQW active layer 18, a p-type light guiding layer 19, a 
p-type cladding layer 20 and a p-type contact layer 21 
are successively grown on the n-type contact layer 15 
in a mixed atmosphere of hydrogen and nitrogen at a 
pressure of approximately 300 Torr. In this case, the 
MQW active layer 18 includes a well layer of 
Ga 0 .92 ln o.08 N w ' tn a Sickness of approximately 4 nm 
and a barrier layer of GaN with a thickness of approxi- 
mately 6 nm. 

[0148] Subsequently, as is shown in Figure 9, an up- 
per portion of the p-type cladding layer 20 and the p- 
type contact layer 21 are formed into a ridge 31 for se- 
lectively injecting a current into the MWQ active layer 
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18 in a direction along the M-axis (= <1-100>) of the lam- 
ination body 30, namely, in a direction parallel to the 
grooves 1 1 b of the substrate 1 1 A in a region positioned 
above the gap 11c and not overlapping the junction por- 
tion 15a, namely, in a dislocation low-density region. In 
this case, the ridge 31 has a width of approximately 2 
through 5 urn 

[0149] Since GaN crystal is transparent against visi- 
ble light, it is easy to distinguish the convex 11a from 
the gap 11c with an optical microscope. Therefore, in 
determining the position of the ridge 31 in the photoli- 
thography, there is no need to use a dedicated align- 
ment pattern. 

[0150] Next, after partly exposing the n-type contact 
layer 15 by masking the lamination body 30 excluding 
the ridge 31, an insulating film 22 is deposited on the 
exposed faces of the lamination body 30. Then, a p-side 
electrode 23 is formed on the insulating film 22 so as to 
extend over the ridge 31 and cover a portion of the p- 
type contact layer 21 exposed from the insulating film 
22. Also, an n-side electrode 24 is formed on a portion 
of the n-type contact layer 15 exposed from the insulat- 
ing film 22. 

[0151] Then, the substrate 11 A is cleaved on the M 
plane of the lamination body 30, namely, on it's A plane, 
thereby forming a cavity facet. Although the A plane of 
sapphire is a crystal plane difficult to cleave as de- 
scribed above, even when the sapphire crystal is broken 
with the cleavage shifted from a predetermined position, 
the breakage is prevented from being propagated to the 
lamination body 30 owing to the gaps 11c formed in the 
substrate 11 A. Accordingly, a good cleaved end can be 
easily obtained in the vicinity of the cavity facet. The 
yield in the cleavage of the laser diode can be thus im- 
proved. 

[0152]. Next, the cleaved end of the cavity is coated 
with a dielectric film or the like so as to attain appropriate 
reflectance, and thereafter, the substrate is divided 
along a plane parallel to the ridge 31 into chips so as to 
obtain semiconductor laser diodes. 
[0153] In the semiconductor laser diode of this em- 
bodiment, uniform step flow growth is observed in the 
ELO grown region as described in Embodiment 1 . When 
the MQW active layer 18 is grown on such a flat surface, 
local segregation of indium can be avoided. As a result, 
the MQW active layer 1 8 is formed as a high quality crys- 
tal, so as to reduce the operation current of the laser 
diode. 

[0154] Figure 13 shows a far-field pattern, in a direc- 
tion parallel to the cavity facet, of laser emitted from the 
semiconductor laser diode of this embodiment, and 
thus, a unimodal distribution of light intensity can be sat- 
isfactorily obtained. On the other hand, the far-field pat- 
tern of the semiconductor laser diode of Conventional 
Example 1 exhibits a multimodal distribution of light in- 
tensity as shown in Figure 42. 

[01 55] The semiconductor laser diode of this embod- 
iment attains the unimodal distribution because the 



gaps 11c provided between the lamination body 30 and 
the substrate 11 A can optically separate the lamination 
body 30 and the substrate 11A from each other. 
[0156] Specifically, as is shown in Figure 9, since the 

5 n-type contact layer 1 5 having a large refractive index 
than the n-type cladding layer 16 is formed under the n- 
type cladding layer 16, light generated in the MQW ac- 
tive layer 18 can easily leak to the substrate 11 A. How- 
ever, in this embodiment, since the gaps 11c with a very 

io small refractive index are formed below the n-type con- 
tact layer 15, a parasitic waveguide is never formed be- 
tween the n-type cladding layer 16 and the substrate 
1 1 A. As a result, the light confinement coefficient of the 
MQW active layer 18 is never lowered by the leakage 

15 of the generated light. 

[0157] This effect to suppress the formation of a par- 
asitic waveguide depends upon a dimension of the gap 
11c along a direction vertical to the substrate surface, 
namely, the depth of the groove 11b. According to com- 

20 puter simulation, it is confirmed that the leakage of light 
to the substrate 1 1 A can be substantially avoided when 
the depth of the groove 1 1 b is at least approximately 50 
nm. 

[0158] It is also confirmed that when the n-type con- 
25 tact layer 1 5 of GaN includes 2% or more of aluminum, 
the leakage of light to the substrate 11 A can be more 
effectively avoided. 

[01 59] Although gallium nitride is used as the monoc- 
rystal nuclei generated on the top faces of the convexes 

30 11a of the substrate 11 A in this embodiment, the 
monocrystal nucleus may be another gallium nitride- 
based mixed crystal, namely, Al u Ga v ln w N, wherein 0 ^ 
u, v, w ^ 1 and u + v + w = 1. When the mixed crystal 
is used, the optimal conditions for the ELOG can be ap- 

35 propriately selected in accordance with the composition 
of the mixed crystal. 

[0160] Although sapphire is used for the substrate 
11 A in this embodiment, for example, silicon carbide, 
gallium nitride or the like may be used instead of sap- 

40 phire. However, when the substrate 11A is made from 
silicon carbide, tensile strain is applied to the lamination 
body 30 so as to easily cause cracks. Therefore, it is 
preferred in this case that the integrated n-type contact 
layer 15 has a thickness smaller than 2 nm by setting 

45 the sectional width of each groove 1 1 b as small as pos- 
sible. Furthermore, when the substrate 11A is made 
from silicon carbide or gallium nitride, although it can be 
easily cleaved on the M plane as well as A plane, the 
yield can be improved by cleaving the substrate on a 

50 plane perpendicular to the direction of the stripes of the 
grooves 11b. 

[0161] Although the dry etching by the RIE is em- 
ployed in forming the grooves 11b in the substrate 1 1 A 
in this embodiment, any other dry etching method, such 
55 as ion milling, may be employed as far as a damage 
layer can be formed on the bottoms and the walls of the 
grooves 11b so as to selectively grow a gallium nitride- 
based semiconductor. 



16 



31 



EP 1 104 031 A2 



32 



[0162] The damage layer formed in the grooves 11b 
is used as a mask layer for the ELOG in this embodi- 
ment. In the case where the deposited polycrystals are 
adhered onto the damage layer, in particular, in the case 
where the substrate 11 A is made from gallium nitride, a 
mask film of silicon nitride or the like is preferably formed 
at least on the bottoms of the grooves 1 1b so as to fur- 
ther improve the selectivity. 

[01 63] The material for the mask film 1 3 is not limited 
to silicon nitride but may be a dielectric or amorphous 
insulator as described in Embodiment 1, and is prefer- 
ably a metal with a high melting point or a metal com- 
pound with a high melting point as described in Modifi- 
cation 1 of Embodiment 1. 

[01 64] The invention is applied to a laser diode in this 
embodiment as described so far, but the invention can 
be applied to a method of growing a semiconductor for 
obtaining a gallium nitride-based crystal with a low dis- 
location density. Furthermore, since the seed layer 12 
formed on the substrate 1 1 in Embodiment 1 is not used 
in this embodiment, the fabrication process can be sim- 
plified. 

[0165] Moreover, not only a light emitting device but 
also another semiconductor device such as an electron- 
ic device can be fabricated by using the nitride semicon- 
ductor layer including a dislocation low-density region 
of this embodiment. In this manner, the reliability and 
the yield of the semiconductor device can be improved. 

EMBODIMENT 3 

[0166] Embodiment 3 of the invention will now be de- 
scribed with reference to the accompanying drawings. 
[0167] Figure 14 shows the sectional structure of a 
gallium nitride-based semiconductor laser diode ac- 
cording to Embodiment 3. In Figure 14, like reference 
numerals are used to refer to like elements shown in 
Figure 1 so as to omit the description. 
[0168] Herein, structural differences from the struc- 
ture of Embodiment 1 alone will be described. 
[01 69] Aluminum gallium nitride (AIGaN) is used for a 
selectively grown layer 14A grown from the top faces of 
the respective convexes 12a of the seed layer 12 to be 
integrated, and an n-type superlattice cladding layer 
16A having a superlattice structure including n-type AI- 
GaN and n-type GaN also serves as the n-type contact 
layer 15. Thus, the light confinement coefficient of the 
MQW active layer 18 can be increased. 
[0170] Figure 15 shows the relationship between the 
distribution of a refractive index on the ridge along a di- 
rection vertical to the substrate surface and the distribu- 
tion of light intensity on a cavity facet in the semicon- 
ductor laser diode of this embodiment. Also, Figure 16 
shows a far-field pattern, along a direction parallel to the 
cavity facet, of laser emitted from the semiconductor la- 
ser diode of this embodiment. 

[01 71] In Embodiment 3, each groove 1 2b of the seed 
layer 12 has a depth of approximately 50 nm, and the 



n-type superlattice cladding layer 16A has an average 
composition of Al 0 07 Ga 0 93 N. Furthermore, the struc- 
ture of the lamination body above the n-type light guiding 
layer 17 is the same as that of the conventional semi- 

5 conductor laser diode shown in Figure 37. 

[0172] As is understood from Figure 15, no leakage 
of generated light to the substrate 11 is observed in the 
semiconductor laser diode of this embodiment. Also, the 
light confinement coefficient of the MQW active layer 1 8 

10 is confirmed to be approximately 1 .54 times as large as 
that shown in Figure 41. 

[0173] This is because the MQW active layer 18 is 
separated from the substrate 11 by the gaps 12c of the 
seed layer 12 and the selectively grown layer 14A of n- 

15 type AIGaN having a refractive index smaller than or 
equal to the n-type superlattice cladding layer 16A is 
provided between the n-type superlattice cladding layer 
16A and the seed layer 12. Accordingly, no parasitic 
waveguide is formed between the n-type superlattice 

20 cladding layer b and the substrate 1 1 , and the light con- 
finement coefficient of the MQW active layer 18 can be 
suppressed from being lowered due to the leakage of 
the generated light. 

[0174] This effect to suppress the formation of a par- 

25 asitic waveguide depends upon a dimension of the gap 
11c along a direction vertical to the substrate surface, 
namely, the depth of the groove 11b. As described 
above, it is confirmed that the leakage of light to the sub- 
strate 11 can be substantially avoided when the depth 

30 of the groove 1 1 b is at least approximately 50 nm. 
[01 75] Furthermore, when the selectively grown layer 
14A includes 2% or more and preferably 4% or more 
aluminum, the leakage of light to the substrate 11 can 
be suppressed. 

35 [01 76] Also in this embodiment, even when the ELOG 
of the selectively grown layer 14A is continued with poly- 
crystals of AIGaN deposited on the mask film 13, the 
crystallinity of the selectively grown layer 14A is never 
degraded by the polycrystals because there is a level 

40 difference between the top face of the convex 12a serv- 
ing as the seed crystal and the bottom of the groove 12b 
where the polycrystals are deposited. As a result, the 
variation in the crystallinity of the lamination body 30 can 
be largely reduced, so as to improve the yield in the fab- 

45 rication of semiconductor laser diodes. 

[0177] Now, a method of aligning the ridge 31 on the 
lamination body 30 will be described. 
[0178] In order to form the ridge 31 in a dislocation 
low-density region of the lamination body 30 above the 

50 gap 12c, it is necessary to accurately align the ridge 31 
in the photolithography. 

[01 79] Figure 1 7 shows a plane photograph of the se- 
lectively grown layer 14A prior to the formation of the 
lamination body 30 obtained with an optical microscope 
55 and the corresponding sectional structure of the selec- 
tively grown layer 14A. As is shown in Figure 17, a dis- 
location low-density region 14c can be easily distin- 
guished from a dislocation high-density region 14b and 



17 



33 



EP 1 104 031 A2 



34 



a junction portion 14a with the optical microscope. Ac- 
cordingly, in a procedure for aligning the ridge 31 in the 
photolithography, there is no need to use a dedicated 
alignment pattern (alignment mark). 
[01 80] Furthermore, it is necessary to cleave the sub- 
strate 11 and the lamination body 30 for forming a cavity 
facet. Also in this embodiment, claws caused in the sub- 
strate 11 can be stopped by the gaps 12c provided in 
the seed layer 12, and hence, the harmful effect on the 
lamination body 30 can be definitely reduced. 
[0181] in this embodiment, the n-side electrode 24 is 
in contact with the n-type superlattice cladding layer 1 6A 
and the n-type superlattice cladding layer 16A also 
serves as the n-type contact layer. 
[0182] As described above, in order to suppress the 
leakage of generated light from the MQW active layer 
18 to the substrate 11, it is necessary to form a semi- 
conductor layer including aluminum between the n-type 
light guiding layer 17 and the gaps 12c. However, when 
the n-type contact layer on which the n-side electrode 
24 is formed is made from a bulk layer (single layer) in- 
cluding aluminum in a large composition ratio, for exam- 
ple, a single layer of n-type Al 0 o7 Ga 0 93 N, the driving 
voltage of the laser diode is increased because the re- 
sistivity of the single layer is increased to approximately 
twice of that of gallium nitride or the contact resistance 
is increased. 

[0183] As a result of a variety of examinations, the 
present inventors have found that the specific resist- 
ance of the n-type superlattice cladding layer 16A in- 
cluding, for example, n-type Al 0 14 Ga 0 86 N and n-type 
GaN is substantially equal to that of a single layer of n- 
type GaN. This is because of large mobility of two-di- 
mensional electron gas generated in the superlattice 
semiconductor layer. Furthermore, the present inven- 
tors have found that the contact resistance of the super- 
lattice semiconductor layer can be substantially equal 
to that of an n-type GaN layer when the thickness of a 
unit layer included in the superlattice structure is suffi- 
ciently small, for example, is approximately 2 nm. At this 
point, the doping concentration of the n-type impurity is 
approximately 1 x 10 18 cm -3 . 

[0184] Accordingly, by forming the superlattice struc- 
ture from AIGaN and GaN, while making the best use of 
the small refractive index of AIGaN, low resistance can 
be simultaneously attained, resulting in definitely attain- 
ing a low driving voltage. 

[0185] The superlattice layer preferably includes alu- 
minum in an average ratio of 2% and has a thickness of 
X7(4n) or less, wherein X indicates the wavelength of 
light and n indicates the refractive index of the unit layer. 
[0186] Moreover, according to this embodiment, uni- 
form step flow growth is observed and satisfactory sur- 
face flatness is confirmed in the dislocation low-density 
region 14c of the selectively grown layer 14A shown in 
Figure 17 through the measurement with an atomic- 
force-microscopy (AFM). As a result, no local segrega- 
tion of indium is caused in growing the MQW active layer 



18 including indium, which reduces the threshold cur- 
rent. 

[0187] Although the substrate 11 is made from sap- 
phire, for example, silicon carbide, neodymium gallate 
5 (NGO), gallium nitride or the like may be used instead 
of sapphire. 

[0188] Although the convexes 12a in the seed layer 
12 are formed by the lift-off method, any other method 
may be employed as far as the convexes 12a and the 

10 grooves 12b can be formed with the mask film 13 re- 
maining on at least the bottoms of the grooves 12b. 
[0189] The mask film 13 may be formed on the bot- 
toms of the grooves 12b alone as far as the gaps 12c 
can be formed. 

15 [0190] Furthermore, the mask film 13 may be formed 
from a dielectric such as silicon nitride and silicon oxide 
by the ECR sputtering, and preferably, is formed from a 
metal with a high melting point such as tungsten or its 
silicide. 

20 

EMBODIMENT 4 

[0191] Embodiment 4 of the invention will now be de- 
scribed with reference to the accompanying drawings. 

25 [0192] Figure 18 shows the sectional structure of a 
gallium nitride-based semiconductor laser diode of Em- 
bodiment 4. In Figure 18, like reference numerals are 
used to refer to like elements shown in Figure 1 so as 
to omit the description. 

30 [0193] Herein, structural differences from the struc- 
ture of Embodiment 3 alone will be described. 
[0194] In this embodiment, the selectively grown layer 
14A of AIGaN of Embodiment 3 is formed to have a two- 
layer structure including a first selectively grown layer 

35 1 4B of GaN formed in the vicinity of the top faces of the 
convexes 12a of the seed layer 12 and a second selec- 
tively grown layer 14C of AIGaN for covering the top and 
side faces of the first selectively grown layer 14B as is 
shown in Figure 18. 

40 [0195] Furthermore, the n-type superlattice cladding 
layer 16A also serving as the n-type contact layer is 
formed to have a two-layer structure including an n-type 
superlattice contact layer 15A and an n-type cladding 
layer 16 of a single Al 0 07 Ga 0 93 N layer. In this case, the 

45 n-type superlattice contact layer 1 5A has a superlattice 
structure including n-type Al 0 -jGaQ 9 N and n-type GaN. 
[0196] Moreover, the p-side electrode 23 is formed 
merely on the top face of the ridge 31 formed in the up- 
per portion of the lamination body 30, and a p-side line 

50 electrode 25 is formed so as to cover the p-side elec- 
trode 23 and the ridge 31. Similarly, the n-side electrode 
24 is covered with an n-side line electrode 26. 
[0197] Now, the characteristics of a method of fabri- 
cating the semiconductor laser diode of this embodi- 

55 ment will be described. 

[0198] First, plural first selectively grown layers 14B 
are grown by using, as the seed crystal, the top faces 
of the convexes 12a of the seed layer 12. The growth 
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pressure for the first and second selectively grown lay- 
ers 14B and 14C is set to a comparatively low pressure 
of approximately 200 Torr until the second selectively 
grown layers 14C grown by using, as the seed crystal, 
the first selectively grown layers 14B are integrated. 
[01 99] This is because as the pressure is reduced, the 
growth rate of the first and second selectively grown lay- 
ers 14B and 14C is larger in the A-axis direction of the 
seed layer 12, namely, in a direction crossing the 
grooves 12b, than in the C-axis direction vertical to the 
substrate surface. 

[0200] In contrast, the MQW active layer 18 is grown 
at a high pressure of approximately 300 Torr. This is be- 
cause as the growth pressure is higher, indium with a 
high vapor pressure can be suppressed to evaporate, 
so that the MQW active layer 18 can attain higher crystal 
quality. Accordingly, in forming the lamination body 30, 
the growth pressure is changed from that for growing 
the first and second selectively grown layers 14B and 
14C. 

[0201] In order to change the growth pressure in con- 
tinuous growth of nitride semiconductors, one crystal 
growth furnace capable of changing the growth pres- 
sure during its operation may be used, or plural crystal 
growth furnaces respectively set to different growth 
pressures may be used. 

[0202] The semiconductor laser diode of Embodiment 
4 exhibits, similarly to that of Embodiment 3, the refrac- 
tive index distribution and the light intensity distribution 
as shown in Figure 15 and attains the far-field pattern 
of emitted light as shown in Figure 16. 
[0203] This is because the MQW active layer 18 is 
separated from the substrate 11 by the gaps 12c of the 
seed layer 12 f and the n-type superlattice contact layer 
15A and the second selectively grown layer 14C having 
a refractive index smaller than or equivalent to the n- 
type cladding layer 16A is formed between the n-type 
cladding layer 1 6 and the seed layer 12. Accordingly, no 
parasitic waveguide is formed between the n-type clad- 
ding layer 16 and the substrate 11, and the light con- 
finement coefficient of the MQW active layer 18 can be 
suppressed from being reduced due to the leakage of 
the generated light. 

[0204] In this embodiment, it is confirmed through 
computer simulation that the light leakage to the sub- 
strate 11 can be substantially avoided when the depth 
of the groove 12b is at least approximately 20 nm. 
[0205] Furthermore, when the second selectively 
grown layer 14C includes 2% or more and preferably 
4% or more of aluminum, the leakage of the generated 
light to the substrate 11 can be suppressed. Owing to 
the aforementioned structure, the light confinement co- 
efficient of the MQW active layer 1 8 is approximately 1 .5 
times as large as that shown in Figure 41, resulting in 
reducing the threshold current of the laser diode. 
[0206] Now, a difference in the growth mechanism be- 
tween the selective growth of this invention by using the 
top faces of the convexes 12a as the seed crystal and 



the selective growth of Conventional Example 2 by 
masking a flat seed layer in the shape of stripes shown 
in Figure 38 will be described. 

[0207] Figure 1 9(a) schematically shows the selective 
5 growth mechanism of Embodiment 4 and Figure 19(b) 
schematically shows the selective growth mechanism 
of Conventional Example 2. 

[0208] As is well known, during growth of a reaction 
seed of molecules or the like into a desired crystal, proc- 

10 esses of adsorption, diffusion, evaporation and the like 
of the reaction seed are repeated on the surfaces of the 
crystal and a mask film. For example, atoms adsorbed 
onto the surface of a crystal of GaN are diffused over a 
terrace, that is, the top face of the crystal. Also, atoms 

15 adsorbed onto the surface are crystallized on a level dif- 
ference portion on the terrace designated as a step. 
[0209] As is shown in Figure 19(b), the similar proc- 
esses are repeated on the mask film 403 in the conven- 
tional ELOG. Specifically, atoms diffused over the mask 

20 film 403 are adsorbed on the edge of the semiconductor 
layer 404 of GaN. At this point, silicon or oxygen includ- 
ed in the mask film 403 is decomposed through a reduc- 
ing function of hydrogen or ammonia so as to be incor- 
porated into the semiconductor layer 404 as an impurity. 

25 This degrades the crystallinity of the semiconductor lay- 
er 404. 

[0210] In contrast in this embodiment, as is shown in 
Figure 19(a), no atoms are diffused over the mask film 
13 so as to be incorporated into the first selectively 

30 grown layer 14B of GaN. This is because no crystal 
grows on the lower face of the first selectively grown lay- 
er 14B. Thus, the reaction seed on the mask film 13 
makes a different contribution to the crystal growth from 
that in the conventional ELOG, which differs the growth 

35 mechanism of this invention from that of the convention- 
al ELOG. 

[0211] Although the first selectively grown layer 14B 
is formed from GaN and the second selectively grown 
layer 14C is formed from Al 0 05 Ga 0 95 N in this embodi- 
^0 ment, the first selectively grown layer 14B may be 
formed from any nitride semiconductor including 4% or 
less of aluminum and represented by Al x Ga y ln z N, 
wherein x + y + z = 1. 

[0212] Now, the purpose of forming the first selective- 
45 |y grown layer 14B by using the seed layer 12 as the 
seed crystal before growing the second selectively 
grown layer 14C with a small refractive index will be de- 
scribed with reference to the drawings. 
[0213] As described in Embodiment 3, there is no 
so need to form the selectively grown layer in a two-layer 
structure merely for controlling the lateral mode in a di- 
rection vertical to the substrate surface and increasing 
the light confinement coefficient of the MQW active layer 
18. 

55 [0214] However, in the case where the selectively 
grown layer 14A of AlGaN includes 4% or more of alu- 
minum, roughness 14d may be caused at the end in the 
growing direction of the selectively grown layer 14A as 
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is shown in Figure 20(b). Such roughness may be rather 
suppressed by appropriately setting the growth condi- 
tions for the selectively grown layer 14A, such as a 
growth pressure, a growth temperature and a V/lll ratio, 
that is, a molar ratio between a group III element source 
and a group V element source. However, in considera- 
tion of mass production, the roughness 14d at the 
growth end is preferably minimized as far as possible. 
[021 5] The present inventors have found that a nitride 
semiconductor layer including aluminum in a small com- 
position ratio is preferably used for the selectively grown 
layer formed by using the seed layer 12 as the seed 
crystal. 

[0216] Specifically, as is shown in Figure 20(a), the 
first selectively grown layer 14B of a gallium nitride- 
based semiconductor including 4% or less of aluminum 
is first grown in the vicinity of the convexes 12a of the 
seed layer 12, and then, the second selectively grown 
layer 14C of a gallium nitride-based semiconductor in- 
cluding more than 4% of aluminum and having a small 
refractive index is grown by using the first selectively 
grown layer 14B as the seed crystal. In this manner, the 
second selectively grown layer 14C can be satisfactorily 
laterally grown without causing the roughness 14d at the 
growth end. 

[0217] Furthermore, as the composition ratio of alu- 
minum is larger in the second selectively grown layer 
14C and as the growth time is longer, more polycrystals 
41 are deposited on the mask film 13. This is because 
the evaporation rate of the AIGaN crystal or the AIN crys- 
tal is smaller than that of the GaN crystal. 
[0218] As is shown in Figures 21(a) through 21(d), 
since the first selectively grown layer 14B of GaN caus- 
ing less deposition of the polycrystals 41 is first grown, 
the growth time required for integrating the growth ends 
of the second selectively grown layers 14C can be short- 
ened. 

[021 9] Moreover, since the first selectively grown lay- 
er 14B is grown in the shape of an umbrella as shown 
in Figure 21(c), the quantity of the reaction seed sup- 
plied onto the mask film 13 can be reduced. Accordingly, 
the quantity of the polycrystals 41 deposited on the 
mask film 13 can be largely reduced, so as to minimize 
the harmful effect on the lamination body 30 grown 
above the gaps 12c. As a result, the light confinement 
coefficient can be definitely increased, and the produc- 
tion yield can be definitely improved because the crys- 
tallinity of the lamination body 30 is so improved that the 
variation in the operation characteristic of the laser di- 
ode is largely reduced. 

[0220] Although the substrate 11 is made from sap- 
phire in this embodiment, for example, silicon carbide, 
neodymium gallate, gallium nitride or the like may be 
used instead of sapphire. 

[0221] Also, the mask film 13 can be formed merely 
on the bottoms of the grooves 12b as far as the gaps 
12c can be formed. 

[0222] Furthermore, the mask film 13 may be formed 



from a dielectric such as silicon nitride and silicon oxide 
by the ECR sputtering, and more preferably, is formed 
from a metal with a high melting point such as tungsten 
or its silicide. 

5 

EMBODIMENT 5 

[0223] Embodiment 5 of this invention will now be de- 
scribed with reference to the accompanying drawings. 

10 [0224] Figures 22 and 23 show a gallium nitride- 
based semiconductor laser diode according to Embod- 
iment 5, wherein Figure 22 shows the sectional structure 
taken on the M plane of a lamination body, namely, the 
A plane of a substrate, and Figure 23 shows the sec- 

15 tional structure taken on line XXIII-XXIII of Figure 22 cor- 
responding to the A plane of the lamination body, name- 
ly, the M plane of the substrate. In Figures 22 and 23, 
like reference numerals are used to refer to like ele- 
ments shown in Figure 1 so as to omit the description. 

20 [0225] Embodiment 5 is characterized by definitely 
fabricating a semiconductor laser diode with a flat cavity 
facet 32 by using the lamination body 30 including the 
MQW active layer 18. 

[0226] As is shown in Figure 22, in an upper portion 
25 of the seed layer 12, a cyclic structure including, as one 
cycle, the convex 12a with a sectional width of approx- 
imately 3 u.m and the groove 12b with a sectional width 
of approximately 12 u,m is formed, and every 34 cycles 
(corresponding to a length of 51 0 pm) of the cyclic struc- 
30 ture, an enlarged groove 12d with an enlarged sectional 
width of approximately 20 p,m is formed. 
[0227] When the lamination body 30 is formed in the 
same manner as in Embodiment 1, the lamination bod- 
ies 30 laterally grown by using the top faces of the re- 
35 spective convexes 12a of the seed layer 12 as the seed 
crystal are not integrated above the enlarged groove 
12d. Therefore, the A planes of the adjacent lamination 
bodies 30 appear above the enlarged groove 12d with- 
out being in contact with each other. These growth ends 
40 are naturally formed crystal planes, and includes no oth- 
er surface orientations such as the M plane. According- 
ly, when such a growth end is used as the cavity facet 
32, the mirror loss on the cavity facet derived from mix- 
ture of the A plane and the M plane as in the conven- 
es tional semiconductor laser diode of Figure 43 can be 
avoided. 

[0228] When the growth end with the naturally formed 
A plane is observed with an atomic-force-microscopy 
(AFM), it is confirmed that the end has a very flat surface 
50 with an average of a square of the roughness smaller 
than 1 nm. 

[0229] Furthermore, when the growth end is used as 
the cavity facet 32, the P-type light guiding layer 19 and 
the p-type cladding layer 20 with larger energy gap than 
55 the MQW active layer 18 can be formed on the cavity 
facet 32. Therefore, emitted light is never absorbed at 
the ends of the p-type light guiding layer 19 and the p- 
type cladding layer 20. As a result, the temperature in- 
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crease in the lamination body 30 in the vicinity of the 
cavity facet 32 can be suppressed, and hence, the reli- 
ability can be prevented from degrading due to degra- 
dation of the facet. 

[0230] In the semiconductor laser diode of Embodi- 
ment 5, the ELOG using the top faces of the convexes 
12a in the shape of stripes as the seed crystal is em- 
ployed, and the enlarged grooves 12d are formed in a 
cycle larger than that of the grooves 12b formed by the 
side faces of the convexes 12a. Therefore, the growth 
end of the lamination body 30 is directly exposed above 
the enlarged groove 12d, and hence, the naturally 
formed exposed end can be formed into the cavity facet 
32. When the semiconductor laser diode having such a 
cavity facet is compared with the semiconductor laser 
diode of Conventional Example 2 of Figure 39 in the 
threshold value for laser action, the threshold value of 
the laser diode of this embodiment is lower by approxi- 
mately 30% than that of the conventional laser diode. 
[0231] Although the substrate 11 is formed from sap- 
phire in this embodiment, forexample, siliconcarbide, 
neodymiumgallate (NGO), gallium nitride or the like may 
be used instead of sapphire. 

[0232] Also, the mask film 13 may be formed merely 
on the bottoms of the grooves 12b as far as the gaps 
12c can be formed. 

[0233] Furthermore, the mask film 1 3 may be formed 
from a dielectric such as silicon nitride and silicon oxide 
by the ECR sputtering, and more preferably, is formed 
from a metal with a high melting point such as tungsten 
or its silicide. 

[0234] Moreover, the widths of the convex 1 2a and the 
groove 12b formed in the upper portion of the seed layer 
12 are not limited to 3 u.m and 12 u.m, respectively but 
the convex 12a preferably has a smaller width than the 
groove 12b. In this manner, the influence of dislocations 
propagated from the seed crystal on the top faces of the 
convexes 12a to the lamination body 30 can be reduced, 
and the degradation of the laser operation characteris- 
tics due to the dislocations can be prevented, resulting 
in improving the reliability of the laser diode. 
[0235] Also, the cycle of forming the enlarged grooves 
12d in the upper portion of the seed layer 12 may be set 
to an appropriate value in accordance with the length of 
the cavity. 

[0236] In Embodiment 5, the stripe direction of the 
convexes 12a is set to the M-axis direction of the lami- 
nation body 30 so as to use the naturally formed A plane 
as the cavity facet 32. Instead, when the stripe direction 
of the convexes 12a is set to the A-axis direction per- 
pendicular to the M-axis of the lamination body 30, the 
M plane can be naturally formed. Accordingly, when the 
convexes 12a are formed in the shape of stripes extend- 
ing along the A-axis direction, a highly reliable semicon- 
ductor laser diode including the naturally formed M 
plane as the cavity facet 32 and having a largely reduced 
threshold current can be obtained. MODIFICATION 1 
OF EMBODIMENT 5 



[0237] Modification 1 of Embodiment 5 will now be de- 
scribed with reference to the accompanying drawing. 
[0238] Figure 24 shows the sectional structure of a 
gallium nitride-based semiconductor laser diode of 

5 Modification 1 of Embodiment 5 taken on the M plane 
of a lamination body, namely, the A plane of a substrate. 
In Figure 24, like reference numerals are used to refer 
to like elements shown in Figure 22. 
[0239] As is shown in Figure 24, in the semiconductor 

10 laser diode of Modification 1, an enlarged groove 12d 
with an enlarged sectional width of approximately 20 ujti 
is formed on the inside of and adjacent to the enlarged 
groove 12d for naturally forming the cavity facet 32 of 
the lamination body 30. Accordingly, side gaps 30a hav- 

15 ing the A plane as the opposing faces are formed on 
both sides of the lamination body 30 close to the cavity 
facets. 

[0240] Since the side gap 30a having a refractive in- 
dex of 1 and the lamination body 30 of a gallium nitride- 

20 based semiconductor having a refractive index of ap- 
proximately 2.6 are combined to form the cavity facet 
32, a large difference in the refractive index can be ob- 
tained. Accordingly, the reflectance of a laser beam on 
the cavity facet 32 can be increased as compared with 

25 the case where the cavity facet is coated with a dielectric 
film or the like. 

[0241] For the purpose of increasing the reflectance 
of a laser beam on the cavity facet 32, an isolation body 
isolated from the lamination body 30 by the side gap 30a 
30 preferably has a lateral dimension, along the light emit- 
ting direction, of an integral multiple of X/(4n), wherein 
X indicates the wavelength of light and n indicates the 
refractive index of the isolation body. 
[0242] Although the side gaps 30a are formed on both 
35 sides of the lamination body 30 in this modification, the 
side gap 30a may be formed on either side of the lami- 
nation body 30 for increasing the reflectance so as to 
increase the output power of emitted light. 
[0243] According to this modification, the threshold 
40 current for laser action is reduced by approximately 20% 
as compared with the case where the side gaps 30a are 
not formed, and thus, the effect attained by the side gaps 
30a is remarkable. It is noted that the lamination body 
30 may include three or more side gaps 30a. MODIFI- 
ES CATION 2 OF EMBODIMENT 5 

[0244] Figure 25 shows Modification 2 of Embodiment 
5, wherein all the grooves in the shape of stripes formed 
in the upper portion of the seed layer 12 are formed as 
enlarged grooves 12d. 
so [0245] In this manner, plural lamination bodies 30 are 
all isolated from one another on the substrate 11. Ac- 
cordingly, when a cavity is formed from plural isolation 
bodies so as to obtain a desired cavity length and the 
substrate 11 is divided in a side gap 30a in a position 
55 corresponding to the facet of the thus formed cavity, one 
semiconductor laser diode including plural isolation 
bodies can be obtained. 

[0246] Accordingly, the semiconductor laser diode of 
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Modification 2 has a very flat A plane free from irregu- 
larities causing mirror loss of a laser beam, and when 
the number of isolation bodies included in the laser di- 
ode is changed, the cavity length can be easily changed. 
[0247] Furthermore, when the substrate 1 1 is divided 
in every enlarged groove 12d, a laser diode including 
one convex 12a and having a cavity length of approxi- 
mately 15 um can be obtained. In a conventional tech- 
nique to simultaneously cleave a substrate and a lami- 
nation body, it is very difficult to fabricate such a small 
cavity with keeping the flatness of the cavity facet. MOD- 
IFICATION 3 OF EMBODIMENT 5 
[0248] In Modification 3 of Embodiment 5, convexes 
in the shape of stripes are further formed in an upper 
portion of a selectively grown layer so as to completely 
eliminate crystal dislocations from the lamination body 
30. Thus, the reliability of the semiconductor laser diode 
can be further improved. 

[0249] As is shown in Figure 26, on a seed layer 12 
having convexes 12a and grooves 12b in the upper por- 
tion with a first mask film 13A formed on the bottoms 
and the walls of the grooves 12b, a selectively grown 
seed layer 34 is integrally formed through the ELOG. 
[0250] In an upper portion of the selectively grown 
seed layer 34, convexes 34a and grooves 34b are 
formed in an equivalent cycle of the convexes 12a and 
the grooves 12b of the seed layer 12, and a second 
mask film 13B is formed on the bottoms and the walls 
of the grooves 34b. 

[0251] In this case, the convexes 34a are formed 
above the grooves 12b so as to be formed neither in a 
dislocation low-density region nor in a junction portion 
of the selectively grown seed layer 34. 
[0252] In this manner, according to Modification 3, the 
selectively grown layer 14 is grown by using, as the seed 
crystal, the C plane on the top faces of the convexes 
34a formed in the upper portion of the selectively grown 
seed layer 34. On the top face of the convex 34a ap- 
pears a high quality crystal face free from not only dis- 
locations derived from the seed crystal on the top face 
of the convex 12a of the seed layer 12 but also a defect 
derived from the junction portion of the selectively grown 
seed layer 34. As a result, the lamination body 30 
formed on the high quality selectively grown layer 14 is 
free from defectives. Accordingly, it is possible to avoid 
loss resulting from scatter of a laser beam due to a crys- 
tal defective and degradation of the reliability through a 
non-luminescent process of carriers. Thus, this modifi- 
cation realizes a very high quality gallium nitride-based 
semiconductor laser diode. 

EMBODIMENT 6 

[0253] Embodiment 6 of the invention will now be de- 
scribed with reference to the accompanying drawings. 
[0254] Figure 27 shows the sectional structure of a 
gallium nitride-based semiconductor laser diode of Em- 
bodiment 6 taken on the A plane of a lamination body, 



namely, the M plane of a substrate. In Figure 27, like 
reference numerals are used to refer to like elements 
used in Embodiment 3 shown in Figure 14 so as to omit 
the description. 

5 [0255] Herein, structural differences from the struc- 
ture of Embodiment 3 alone will be described. 
[0256] As is shown in Figure 27, a first seed layer 1 2A 
and a second seed layer 12B are formed on the sub- 
strate 11 of sapphire. 

10 [0257] In an upper portion of the first seed layer 12A, 
convexes 12a and grooves 12b in the shape of stripes 
are formed in parallel to the M plane of the substrate 1 1 1 
namely, the A plane of the lamination body 30. Similarly, 
in an upper portion of the second seed layer 12B, the 

15 convexes 12a and the grooves 12b in the shape of 
stripes are formed in parallel to the convexes 12a and 
the grooves 12b of the first seed layer 12A so as not to 
overlap them in a direction vertical to the substrate sur- 
face. 

20 [0258] Now, a method of fabricating the semiconduc- 
tor laser diode having the aforementioned structure will 
be described with reference to the drawings. 
[0259] Figures 28(a), 28(b), 29(a), 29(b), 30(a), 30(b) 
and 31 are sectional views taken on the A plane of the 

25 substrate for showing procedures in the method of fab- 
ricating the semiconductor laser diode of this embodi- 
ment. 

[0260] First, as is shown in Figure 28(a), a low tem- 
perature buffer layer (not shown) of GaN is deposited 

30 on a substrate 11 having the C plane as the principal 
plane by the MOVPE by supplying TMG as a group III 
element source and NH 3 as a nitrogen source with the 
substrate temperature set to approximately 530°C in a 
mixed atmosphere of hydrogen and nitrogen, for exam- 

35 pie, at a pressure of approximately 300 Torr. Subse- 
quently, after the substrate temperature is increased to 
approximately 970°C, TMG, NH3 and SiH4 are supplied 
onto the substrate 1 1 , thereby growing a first seed layer 
1 2A of n-type GaN with a thickness of approximately 0.5 

40 through 1 u.m. At this point, the principal plane of the first 
seed layer accords with the C plane, and the order of a 
dislocation density is 10 9 cm" 2 . 

[0261] Next, as is shown in Figure 28(b), after apply- 
ing a resist film on the first seed layer 12A, the resist 

45 film is patterned by the photolithography into stripes ex- 
tending along the M-axis direction of the first seed layer 
12A, thereby forming a resist pattern 40. Subsequently, 
by using the resist pattern 40 as a mask, the first seed 
layer 12A is dry etched, thereby forming, in an upper 

50 portion of the first seed layer 12A, a cyclic structure in- 
cluding, as one cycle, a convex 12a with a sectional 
width of approximately 3 through 6 urn and a groove 1 2b 
with a sectional width of approximately 12 through 24 
urn. At this point, the groove 12b has a depth of approx- 

55 imately 50 nm through 1 pm. 

[0262] Then, as is shown in Figure 29(a), a mask film 
13 of silicon nitride is deposited on the bottoms and the 
walls of the grooves 12b of the first seed layer 12A and 
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the resist pattern 40 by the ECR sputtering. Also in this 
case, solid silicon is used as the raw material for silicon, 
nitrogen is used as a reaction gas, and argon is used as 
plasma gas. 

[0263] Next, as is shown in Figure 29(b), the resist 
pattern 40 is lifted off, thereby removing the resist pat- 
tern 40 and a portion of the mask film 13 deposited on 
the resist pattern 40. The mask film 1 3 may cover whole 
or a part of the wall of the groove 12b. 
[0264] Then, as is shown in Figure 30(a), after in- 
creasing the substrate temperature to approximately 
1000°C, TMG, NH 3 and SiH 4 are supplied onto the first 
seed layer 12A by the MOVPE again in a mixed atmos- 
phere of hydrogen and nitrogen, for example, at a pres- 
sure of approximately 100 Torr, so as to grow a second 
seed layer 12B of n-type GaN by using, as the seed 
crystal, portions of the first seed layer 12A exposed from 
the mask film 13. At this point, the second seed layer 
12B grows upward from the top faces of the convexes 
12a as well as laterally grows in a direction parallel to 
the substrate surface. The crystals grown from the both 
sides of the groove 12b meet at substantially the center 
of the groove 12b so as to form a junction portion 12e. 
In this manner, the respective crystals grown from the 
top faces of the plural convexes 12a are integrated one 
another, so as to form the second seed layer 12B having 
the C plane as the top face. Also, at this point, plural 
gaps 12c are formed to be surrounded with the bottoms 
and the walls of the grooves 12b of the first seed layer 
12A and the lower face of the second seed layer 12B. 
The thickness of the second seed layer 12B depends 
upon the width and the like of the groove 12b and is 
approximately 2 through 6 u.m. 

[0265] In a selectively grown region of the second 
seed layer 12B excluding the junction portions 12e, 
threading dislocations are observed at a dislocation 
density of approximately 1 x 10 6 cm -2 , while crystal dis- 
locations are observed in the junction portion 12e in a 
dislocation density, in a direction parallel to the C plane, 
of approximately 4 x 10 7 cm* 2 . 

[0266] Furthermore, a tilt angle between the C-axis in 
a portion of the second seed layer 12B above the con- 
vex 12a and the C-axis in a portion thereof above the 
gap 12c is 0.01 through 0.03 degree. The tilt angle is 
thus very small in the ELOG of this embodiment as com- 
pared with that in the conventional ELOG because the 
second seed layer 12B corresponding to a crystal layer 
formed through the ELOG is not in contact with the first 
seed layer 12A and hence no stress is applied to the 
interface with the mask film 13 differently from the con- 
ventional ELOG. 

[0267] It is noted that a void in the shape of a reverse 
V having an opening on the gap 12c is formed in a lower 
portion of the junction portion 12e. 
[0268] Furthermore, according to this embodiment, 
even when polycrystals are deposited on the bottoms of 
the grooves 12b in the selective growth of the second 
seed layer 12B f the polycrystals are not in contact with 



the second seed layer 12B owing to a level difference 
caused by the convexes 12a and the grooves 12b 
formed in the upper portion of the first seed layer 12A, 
and hence do not harmfully affect the crystallinity of a 

5 lamination body 30 including the laser structure. As a 
result, the variation in the operation characteristics of 
the laser diode including the lamination body 30 can be 
reduced, so as to improve the yield. 
[0269] Next, as is shown in Figure 30(b), a cyclic 

10 structure including, as one cycle, the convex 12a and 
the groove 12b is formed in the upper portion of the sec- 
ond seed layer 12B in the same manner as in the first 
seed layer 1 2A. At this point, it is preferred that the con- 
vexes 12a of the second seed layer 12B are formed so 

15 as to have their top faces positioned above the disloca- 
tion low-density regions of the second seed layer 12B. 
Specifically, the top faces of the convexes 12a of the 
second seed layer 12B are formed in positions different 
from the top faces of the convexes 12a of the first seed 

20 layer 12A in a direction along the substrate surface and 
on sides of the junction portions 12e. 
[0270] In this manner, the second ELOG can be con- 
ducted by using, as the seed crystal, the dislocation low- 
density regions of the second seed layer 1 2B positioned 

25 above the gaps 12c of the first seed layer 12A. Since a 
gallium nitride-based crystal is transparent against vis- 
ible light, the convex 12a and the groove 12b can be 
easily identified from each other with an optical micro- 
scope. Therefore, there is no need to use a dedicated 

30 alignment pattern in determining the positions of the 
convexes 12a in the stripe pattern in the photolithogra- 
phy. 

[0271] Then, as is shown in Figure 31, selectively 
grown layers 14A of n-type AIGaN having the C plane 

35 as the principal plane are grown to be integrated on the 
second seed layer 12B by the MOVPE in, for example, 
a mixed atmosphere of hydrogen and nitrogen at a pres- 
sure of approximately 100 Torr at a substrate tempera- 
ture of approximately 1000°C by using, as the seed 

40 crystal, the C plane appearing on the top faces of the 
convexes 12a exposed from the mask film 13. In this 
manner, in all the regions of the selectively grown layers 
14A excluding junction portions 14a cyclically formed, 
the dislocation density is as small as approximately 1 x 

45 I0 6 cm- 2 . 

[0272] Subsequently, in a mixed atmosphere of hy- 
drogen and nitrogen at a pressure of approximately 300 
Torr and at a substrate temperature of approximately 
970°C, an n-type superlattice cladding layer 16A, an n- 

50 type light guiding layer 17, a MOW active layer 18, a p- 
type light guiding layer 19, a p-type cladding layer 20 
and a p-type contact layer 21 are successively grown 
on the integrated selectively grown layer 14A, so as to 
form the lamination body 30. At this point, the MOW ac- 

55 tive layer 18 includes, for example, a well layer of 
Ga 0 92 ln 0 08 N with a thickness of approximately 4 nm 
and a barrier layer of GaN with a thickness of approxi- 
mately 6 nm, so as to show laser action at a wavelength 
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of 400 nm band. 

[0273] Thereafter, as is shown in Figure 27, a ridge 
31 with a width of 2 through 5 u.m for selectively injecting 
a current into the MQW active layer 18 is formed in the 
A-axis direction of the lamination body 30, namely, in a 5 
direction perpendicutar to the direction of the stripes of 
the convexes 12a by the dry etching from an upper por- 
tion of the p-type cladding layer 20 and the p-type con- 
tact layer 21. 

[0274] Subsequently, the lamination body 30 exclud- w 
ing the ridge 31 is dry etched, so as to partly expose the 
n-type superlattice cladding layer 1 6A, and an insulating 
film b is deposited on the exposed faces of the lamina- 
tion body 30. Then, openings are formed in the insulat- 
ing film 22 in positions on the ridge 31 and the n-type 15 
superlattice cladding layer 16A. Thereafter, a p-side 
electrode 23 is formed on a portion on the ridge 31 ex- 
posed in the opening of the insulating film 22 and around 
the ridge 31, and an n-side electrode 24 is formed on a 
portion of the n-type superlattice cladding layer 16A ex- 
posed in the opening of the insulating film 22 by the 
evaporation or the sputtering. 

[0275] Next, a cavity facet is formed through the 
cleavage on the A plane of the lamination body 30, 
namely, on the M plane of the substrate 11 of sapphire. 
Since the M plane of sapphire can be easily cleaved, 
the yield in the cleavage of the semiconductor laser di- 
ode can be satisfactorily retained. Although the plural 
gaps 12c in two stages extending in parallel to the 
cleaved end are present between the substrate 11 and 
the lamination body 30, these gaps 12c never lower the 
yield in the cleavage. 

[0276] Then, the cleaved end is coated with a dielec- 
tric or the like so as to attain appropriate reflectance, 
and the substrate is divided into chips. Thus, the semi- 
conductor laser diode of Figure 27 is fabricated. 
[0277] As a characteristic of the semiconductor laser 
diode of Embodiment 6, the cavity formed in the A-axis 
direction of the lamination body 30 including the MQW 
active layer 18 is provided in a direction perpendicular 
to the gaps 12c formed through the selective growth in 
the shape of stripes extending in the M-axis direction. 
[0278] In this case, as is understood from Figure 31, 
the current injecting region for the MQW active layer 18 
extending in the lengthwise direction of the ridge 31 
crosses the junction portion 14a of the semiconductor 
layers. As a result, dislocations collected in the junction 
portion 14a can affect the operation of the laser diode. 
It is, however, confirmed through observation of dislo- 
cations within the MQW active layer 18 that threading 
dislocations are present on the plane uniformly at a den- 
sity of approximately 1 x 10 6 cm -2 regardless of the junc- 
tion portion 14a. Accordingly, the current injecting region 
crossing the junction portion 14a does not harmfully af- 
fect the reliability of the semiconductor laser diode. 
[0279] Furthermore, when a tilt is present in the C-axis 
between the second seed layer 12B serving as the seed 
crystal and the selectively grown layer 14A, a zigzag 



waveguide waving in the direction vertical to the sub- 
strate surface is formed so as to cause guide loss in the 
cavity formed in the A-axis direction. As a result, the op- 
eration current of the laser diode can be increased. Ac- 
tually, in a laser diode fabricated by the conventional 
ELOG as shown in Figure 38, a tilt angle is as large as 
0.1 degree or more. Therefore, when the width of the 
gap 12c is, for example, 12^m, a zigzag waveguide with 
a level difference of 10 nm or more is formed, resulting 
in increasing the operation current of the laser diode. 
[0280] On the other hand, when the tilt angle is 0.05 
degree or less, the level difference in the waveguide can 
be suppressed to approximately 5 nm, and hence, the 
influence of the zigzag waveguide can be substantially 
ignored. According to this embodiment, the tilt angle can 
be suppressed to 0.03 degree or less owing to the lateral 
growth where the selectively grown layer is grown with 
forming the gaps 12c, and hence, the formation of the 
zigzag waveguide can be avoided. 
[0281] Moreover, uniform step flow growth is ob- 
served in a laterally grown region of the selectively 
grown layer 14A. When the MQW active layer 18 is 
formed on such a flat face, local segregation of indium 
can be prevented, so as to obtain the MQW active layer 
18 with uniform quality. Accordingly, the operation cur- 
rent can be reduced. 

[0282] The far-field pattern, in the direction vertical to 
the substrate surface, of the semiconductor laser diode 
of this embodiment is equivalent to that shown in Figure 
16, and thus, a unimodal and satisfactory light intensity 
distribution can be obtained. 

[0283] This is because, similarly to Embodiment 3, the 
selectively grown layers 14A grown from the top faces 
of the convexes 12a of the second seed layer 12B to be 
integrated are formed from n-type AIGaN, and the n- 
type superlattice cladding layer 16A having the super- 
lattice structure including n-type AIGaN and n-type GaN 
also works as the n-type contact layer. Thus, the light 
confinement coefficient of the MQW active layer 18 can 
be largely increased. 

[0284] As described above, when the selectively 
grown layer 1 4A includes 2% or more and preferably 4% 
or more of aluminum, the leakage of light to the sub- 
strate 1 1 can be definitely prevented. 
[0285] Although the first and second seed layers 12A 
and 12B are formed from GaN in this embodiment, 
these seed layers may be made from a gallium nitride- 
based mixed crystal represented by a general formula, 
Al u Ga v ln w N (wherein 0 ^ u, v, w ^ 1 and u + v + w = 1), 
and in particular, AIGaN or GalnN. The optimal growth 
conditions for the lateral growth are selected in accord- 
ance with the composition of the mixed crystal to be 
used. 

[0286] Furthermore, although the low temperature 
buffer layer is formed below the first seed layer 12A, the 
low temperature buffer layer is not always necessary as 
far as the first seed layer can be formed in a monocrys- 
tal. 
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[0287] Although the substrate 11 is made from sap- 
phire, for example, silicon carbide, neodymium gallate 
(NGO), gallium nitride or the like may be used instead 
of sapphire. However, when the substrate 11 is made 
from silicon carbide, tensile strain is applied to the lam- 5 
ination body 30 and hence cracks can be easily caused. 
Therefore, it is preferred in this case that the integrated 
second seed layer 12B has a thickness smaller than 2 
um by reducing the sectional width of the groove 12b 
as far as possible. In this manner, the lamination body 
30 can be free from cracks even after the two selective 
growths and the growth of the lamination body 30. 
[0288] Accordingly, regardless of the material for the 
substrate 11, three or more selective growths are not 
only meaningless but also unpreferable because new 
problems derived from strain can be caused. 
[0289] Although the lift-off method is employed in 
forming the convexes 12a in the upper portions of the 
first and second seed layers 12A and 12B, any other 
method can be employed instead as far as the convexes 
12a and the grooves 12b can be formed with the mask 
film 1 3 remaining at least on the bottoms of the grooves 
12b. Specifically, any other method can be employed as 
far as the C plane on the portions of the convexes 12a 
not covered with the mask film 13 can be used as the 
seed crystal and the gaps 12c can be formed. 
[0290] The material for the mask film 13 is not limited 
to silicon nitride but can be a dielectric, an amorphous 
insulator, a metal with a high melting point or a metal 
compound with a high melting point as described in Em- 
bodiment 1 and its Modification 1. When a dielectric film 
is used, the mask film 13 with good quality can be 
formed at a low temperature by employing the ECR 
sputtering. 

[0291] Furthermore, by using the nitride semiconduc- 
tor layer including a dislocation low-density region of this 
embodiment, not only a light emitting device but also an- 
other semiconductor device such as an electronic de- 
vice can be fabricated. Thus, the reliability and the yield 
of the semiconductor device can be improved. 

EMBODIMENT 7 

[0292] Embodiment 7 of the invention will now be de- 
scribed with reference to the accompanying drawings. 
[0293] Figure 32 shows the sectional structure of a 
gallium nitride-based semiconductor laser diode of Em- 
bodiment 7. In Figure 32, like reference numerals are 
used to refer to like elements shown in Figure 1 so as 
to omit the description. 

[0294] As is shown in Figure 32, the semiconductor 
laser diode of this embodiment includes convexes 12a 
in the shape of stripes formed in a first formation cycle 
in an upper portion of the seed layer 12 and serving as 
the seed crystal for the ELOG, and one ridge 31A for 
current injection and plural dummy ridges 31 B for align- 
ing the ridge 31 A formed in an upper portion of the lam- 
ination body 30. The ridge 31A and the dummy ridges 



31 B are arranged in the same direction as the convexes 
12a in a second formation cycle different from the first 
formation cycle. 

[0295] Now, a method of fabricating the semiconduc- 
tor laser diode having the aforementioned structure will 
be described with reference to the drawings. 
[0296] Figures 33 through 35 are sectional views for 
showing procedures in the method of fabricating the 
semiconductor laser diode of Embodiment 7. 
[0297] First, as is shown in Figure 33, a seed layer 1 2 
of GaN is grown on a substrate b of sapphire by the 
MOVPE in the same manner as in Embodiment 1, and 
convexes 12a in the shape of ridge stripes are formed 
in an upper portion of the seed layer 12 by the photoli- 
thography and the dry etching using a resist film. In this 
embodiment, for example, the convex 12a has a sec- 
tional width of approximately 4 u.m, a groove 12b has a 
sectional width of approximately 12 u.m, and the first for- 
mation cycle is 16 p.m. 

[0298] Next, a mask film 1 3 of silicon nitride is depos- 
ited by the ECR sputtering on the entire top face of the 
seed layer 12 including the convexes 1 2a, and the resist 
film is lifted off, thereby exposing at least the top faces 
of the convexes 1 2a from the mask film 13. At this point, 
the mask film 13 may or may not cover the walls of the 
grooves 12b. 

[0299] Subsequently, a selectively grown layer 1 4 and 
a lamination body 30 are successively grown by the 
MOVPE on the seed layer 12 by using, as the seed crys- 
tal, the C plane appearing on the top faces of the con- 
vexes 1 2a not covered with the mask film 1 3 in the same 
manner as in Embodiment 1. 

[0300] Next, as is shown in Figure 34, an upper por- 
tion of a p-type cladding layer 20 and a p-type contact 
layer 21 are formed into a ridge 31 A and dummy ridges 
31 B each with a sectional width of approximately 3 um 
in the second formation cycle of 1 8 u,m. At this point, the 
ridge 31 A for current injection is formed in a region 
above a gap 12c and not overlapping a junction portion 
14a F namely, in a dislocation low-density region includ- 
ing few crystal dislocations. Thereafter, the side faces 
of the ridge 31 A and the dummy ridges 31 B and areas 
therebetween are covered with an insulating film 35 of 
aluminum nitride (AIN) by the ECR sputtering in an ar- 
gon atmosphere by using metallic aluminum and nitro- 
gen as materia! sources. 

[0301] Next, as is shown in Figure 35, faces of the 
lamination body 30 excluding the ridge 31A is dry 
etched, so as to partly expose an n-type contact layer 
15 in such a manner that the dummy ridge 31 B can be 
formed from an n-type cladding layer 16. Then, an insu- 
lating film 22 of silicon nitride is deposited on exposed 
faces of the lamination body 30. 
[0302] Then, as is shown in Figure 32, openings are 
formed in the insulating film 22 in positions on and on 
both sides of the ridge 31A and in positions on and on 
both sides of one dummy ridge 31 B above the n-type 
contact layer 15 by the reactive ion etching (RIE) using 
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carbon tetrafluoride (CF 4 ). Thereafter, a p-side elec- 
trode 23 is formed over exposed portions in the open- 
ings of the insulating film 22 on and on the sides of the 
ridge 31 A, and an n-side electrode 24 is formed over 
exposed portions in the openings of the insulating film 
22 on and on the sides of the dummy ridge 31 B above 
the n-type contact layer 15. In removing the portions of 
the insulating film 22 on and on the sides of the ridge 
31A, the insulating film 35 formed below the insulating 
film 22 is slightly etched, which is negligible when the 
current confinement of an injected current and the hor- 
izontal lateral mode control are not affected. 
[0303] The semiconductor laser diode fabricated in 
the aforementioned manner shows laser action at a 
wavelength of approximately 403 nm owing to a MQW 
active layer 18 including a well layer of Ga 0 8 ln 0 2 N with 
a thickness of approximately 3 nm and a barrier layer of 
GaN with a thickness of approximately 6 nm. 
[0304] Now, the alignment of the ridge 31A and the 
dummy ridges 31 B against the convexes 12a, that is, a 
characteristic of the method of fabricating the semicon- 
ductor laser diode of this embodiment, will be described 
with reference to the drawings. 

[0305] As described above, it is indispensable for im- 
proving the characteristic of the semiconductor laser di- 
ode to form the ridge 31 A for current injection in the dis- 
location low-density region of the lamination body 30 in 
Figure 32. 

[0306] Figure 36(a) shows examples of a ridge 31 ap- 
propriate for current injection among plural ridges 31. 
Each of the ridges 31 marked with O is formed above a 
region having the lowest dislocation density between 
the convex 12a and the junction portion 14a. In contrast, 
each of the ridges 31 marked with x is formed above a 
dislocation high-density region. 

[0307] Accordingly, in the etching for partly exposing 
the n-type contact layer 15 shown in Figure 35, it is nec- 
essary to allow the ridge 31 marked with Oto remain as 
the ridge 31 A for current injection. 
[0308] Therefore, in this embodiment, the following 
method is employed so as to easily and definitely dis- 
tinguish the ridge 31 A from the dummy ridge 31 B as 
shown in Figure 36(b). 

[0309] Each of the ridges is previously given a number 
or the like for distinguishing the ridge 31 A and the dum- 
my ridges 31 B having the second formation cycle (pat- 
tern B). It is herein assumed that the ridge b given a 
number "2" is to be used as the ridge b for current injec- 
tion. 

[0310] On the other hand, on the wafer, for example, 
in cleavage areas between the laser diodes on the sub- 
strate 11, alignment marks (alignment pattern) are pro- 
vided so as to correspond to the respective numbers giv- 
en to the ridges 31. In this embodiment, since a differ- 
ence between the first formation cycle (pattern A) and 
the second formation cycle (pattern B) is 2 u.m, the po- 
sitional relationship between a ridge 31 and the closest 
convex 12a becomes the same at every 8 cycles of the 



pattern B. Accordingly, when at least 8 alignment marks 
are provided, at least one ridge 31 can be marked with 
O among the ridges 31 numbered "1" through "8". 
[0311] Accordingly, in the etching shown in Figure 35, 
5 when the boundary of the photomask is aligned, for ex- 
ample, in an area between the dummy ridge 31 B num- 
bered "3" and the dummy ridge 31 B numbered "4", the 
ridge 31 A for current injection can be allowed to remain. 
[0312] Also, in the etching for forming the openings in 
the insulating film 22 for forming the p-side electrode 23, 
the ridge 31 A numbered with "2" can be easily identified. 
[0313] Since the chip width of the laser diode is ap- 
proximately 300 through 500 u.m, the third cycle of the 
ridges numbered "1" through "8 M appears not once but 
twice or three times. 

[0314] Furthermore, the effect exhibited in the mask 
alignment by the gaps 12c in the stripe shape formed 
between the seed layer 12 and the selectively grown lay- 
er 14 will now be described. This effect is exhibited be- 
cause the top faces of the convexes 12a formed be- 
tween the gaps 1 2c in the upper portion of the seed layer 
12 are used as the seed crystal for the ELOG. Specifi- 
cally, in order to select a ridge with few dislocations, it 
is necessary to identify a dislocation low-density region 
in the lamination body through observation from the up- 
side with an optical microscope or the like. In this em- 
bodiment, as is shown in Figure 32, the refractive index 
difference of observation light is largely varied owing to 
the gaps 12c, the positions of the convexes 12a (the 
dislocation high-density regions) are obvious. Accord- 
ingly, a ridge 31 that is a candidate for the ridge 31 A for 
current injection and is positioned between the convex 
12a and the junction portion 14a can be easily and def- 
initely identified. As a result, the mask alignment in the 
photolithography is eased, so as to increase the 
throughput in the photolithography. 
[0315] Although the first formation cycle of the con- 
vexes 12a and the second formation cycle of the ridges 
31 are both constant in this embodiment, these cycles 
are not necessarily constant as far as the formation cy- 
cles are shifted from each other. For example, each for- 
mation cycle may form a sequence group satisfying ar- 
ithmetical series. 

[0316] Furthermore, the insulating film 35 is formed 
from aluminum nitride and the insulating film 22 is 
formed from silicon nitride in this embodiment. However, 
the materials for the insulating films are not limited to 
them as far as the etch selectivity against the insulating 
film 35 is sufficiently large in etching the insulating film 
22. For example, the insulating film 35 may be formed 
from silicon oxide with the insulating film 22 formed from 
silicon nitride. Also, the insulating film 22 may be etched 
by wet etching or dry etching. 

[0317] Although the substrate 11 is made from sap- 
phire, for example, silicon carbide, neodymium gallate 
(NGO), gallium nitride or the like may be used instead. 
[031 8] Furthermore, the mask film 1 3 may be formed 
from a dielectric such as silicon nitride and silicon oxide 
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by the ECR sputtering, and more preferably, is formed 
from a metal with a high melting point such as tungsten 
or its silicide. 

[0319] Although the lift-off method is used for forming 
the convexes 12a in the upper portion of the seed layer 
12, any other method may be employed instead as far 
as the convexes 12a and the grooves 12b can be 
formed. 

[0320] Moreover, the fabrication method of this em- 
bodiment using two kinds of cyclic structures having dif- 
ferent cycles is applicable to the conventional ELOG or 
the like. 



Claims 

1. Amethod of fabricating a nitride semiconductor 
comprising the steps of: 

forming, on a substrate, a first nitride semicon- 
ductor layer of Al u Ga v ln w N, wherein 0 ^ u, v, w 
^ 1 and u + v + w = 1; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural convexes extend- 
ing at intervals along a substrate surface direc- 
tion; 

forming a mask film for covering bottoms of re- 
cesses formed between said convexes adja- 
cent to each other; and 

forming, on said first nitride semiconductor lay- 
er, a second nitride semiconductor layer of Al x - 
Ga y ln z N, wherein 0 ^ x, y, z ^ 1 and x + y + z 
= 1, by using, as a seed crystal, C planes cor- 
responding to top faces of said convexes ex- 
posed from said mask film. 

2. The method of fabricating a nitride semiconductor 
of Claim 1, 

wherein said mask film is formed from a die- 
lectric. 

3. The method of fabricating a nitride semiconductor 
of Claim 2, 

wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

4. The method of fabricating a nitride semiconductor 
of Claim 1, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
a high melting point. 

5. The method of fabricating a nitride semiconductor 
of Claim 4, 

wherein said metal with a high melting point 
or said metal compound with a high melting point is 



tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 

6. Amethod of fabricating a nitride semiconductor 
5 comprising the steps of: 

forming, on a substrate, a first nitride semicon- 
ductor layer of A^Gayln^, wherein 0 ^ u, v, w 
^ 1 and u + v + w = 1; 
10 forming, in an upper portion of said first nitride 

semiconductor layer, plural convexes extend- 
ing at intervals along a substrate surface direc- 
tion; 

forming a mask for covering bottoms and at 
15 least part of walls of recesses formed between 

said convexes adjacent to each other; and 
forming, on said first nitride semiconductor lay- 
er, a second nitride semiconductor layer of Al*- 
Ga y ln z N, wherein 0 ^ x, y, z ^ 1 and x + y + z 
20 = 1 , by using, as a seed crystal, portions of said 

convexes exposed from said mask film. 

7. The method of fabricating a nitride semiconductor 
of Claim 6, 

25 wherein said mask film is formed from a die- 

lectric. 

8. The method of fabricating a nitride semiconductor 
of Claim 7, 

30 wherein said dielectric is silicon nitride, silicon 

oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

35 9. The method of fabricating a nitride semiconductor 
of Claim 6, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
a high melting point. 

40 

10. The method of fabricating a nitride semiconductor 
of Claim 9, 

wherein said metal with a high melting point 
or said metal compound with a high melting point is 
45 tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 

1 1 . A method of fabricating a nitride semiconductor de- 
vice comprising the steps of: 

50 

forming a first nitride semiconductor layer on a 
substrate; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural grooves extending 
55 at intervals along a substrate surface direction; 

forming a mask film for covering bottoms of said 
grooves; 

growing, by using, as a seed crystal, C planes 
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corresponding to portions of a top face of said 
first nitride semiconductor layer exposed from 
said mask film between said grooves, a lami- 
nation body including a second nitride semicon- 
ductor layer, an active layer formed from a third 
nitride semiconductor layer having a smaller 
energy gap than said second nitride semicon- 
ductor layer and a fourth nitride semiconductor 
layer having a larger energy gap than said ac- 
tive layer stacked in this order from a substrate 
side; and 

forming, on said lamination body, a current con- 
finement part for selectively injecting carriers 
into said active layer. 

12. The method of fabricating a nitride semiconductor 
device of Claim 11, 

wherein the step of forming said plural grooves 
includes a sub-step of forming, on said first ni- 
tride semiconductor layer, a resist mask for cov- 
ering said first nitride semiconductor layer in 
the shape of stripes and etching said first nitride 
semiconductor layer by using said resist mask, 
and 

the step of forming said mask film includes a 
sub-step of lifting off said resist mask. 

13. The method of fabricating a nitride semiconductor 
device of Claim 11, 

wherein said mask film is formed from a die- 
lectric. 

14. The method of fabricating a nitride semiconductor 
device of Claim 13, 

wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

15. The method of fabricating a nitride semiconductor 
device of Claim 13, 

wherein said mask film is formed by using 
electron cyclotron resonance plasma. 

16. The method of fabricating a nitride semiconductor 
device of Claim 13, 

wherein said mask film is formed by electron 
cyclotron resonance sputtering. 

17. The method of fabricating a nitride semiconductor 
device of Claim 11, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
a high melting point. 

18. The method of fabricating a nitride semiconductor 
device of Claim 17, 



wherein said metal with a high melting point 
or said metal compound with a highmelting point is 
tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 

5 

19. A method of fabricating a nitride semiconductor de- 
vice comprising the steps of: 

forming a first nitride semiconductor layer on a 

10 substrate; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural grooves extending 
at intervals along a substrate surface direction; 
forming a mask film for covering bottoms and 

15 at least part of wails of said grooves; 

growing, by using, as a seed crystal, portions 
of said first nitride semiconductor layer ex- 
posed from said mask film between said 
grooves, a lamination body including a second 

20 nitride semiconductor layer, an active layer 

formed from a third nitride semiconductor layer 
having a smaller energy gap than said second 
nitride semiconductor layer and a fourth nitride 
semiconductor layer having a larger energy 

25 gap than said active layer stacked in this order 

from a substrate side; and 
forming, on said lamination body, a current con- 
finement part for selectively injecting carriers 
into said active layer. 

30 

20. The method of fabricating a nitride semiconductor 
device of Claim 19, 

wherein the step of forming said plural grooves 
35 includes a sub-step of forming, on said first ni- 

tride semiconductor layer, a resist mask for cov- 
ering said first nitride semiconductor layer in 
the shape of stripes and etching said first nitride 
semiconductor layer by using said resist mask, 
to and 

the step of forming said mask film includes a 
sub-step of lifting off said resist mask. 

21. The method of fabricating a nitride semiconductor 
45 device of Claim 19, 

wherein said mask film is formed from a die- 
lectric. 

22. The method of fabricating a nitride semiconductor 
50 device of Claim 21, 

wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

55 

23. The method of fabricating a nitride semiconductor 
device of Claim 21, 

wherein said mask film is formed by using 
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electron cyclotron resonance plasma. 

24. The method of fabricating a nitride semiconductor 
device of Claim 21, 

wherein said mask film is formed by electron 
cyclotron resonance sputtering. 

25. The method of fabricating a nitride semiconductor 
device of Claim 19, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
a high melting point. 

26. The method of fabricating a nitride semiconductor 
device of Claim 25, 

wherein said metal with a high melting point 
or said metal compound with a high melting point is 
tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 

27. A method of fabricating a nitride semiconductor 
comprising the steps of: 

forming, in an upper portion of a substrate, plu- 
ral convexes extending at intervals along a sub- 
strate surface direction; and 
selectively growing a nitride semiconductor lay- 
er of Al x Ga y ln z N, wherein 0 ^ x, y, z ^ 1 and x 
+ y + z = 1 , on top faces of said convexes of 
said substrate. 

28. The method of fabricating a nitride semiconductor 
of Claim 27, 

wherein said substrate is made from a nitride 
semiconductor, and 

the method further includes, between the step 
of forming said convexes and the step of grow- 
ing said nitride semiconductor layer, a step of 
forming a mask film of a dielectric, a metal with 
a high melting point or a metal compound with 
a high melting point for covering bottoms of re- 
cesses formed between said convexes adja- 
cent to each other. 

29. A method of fabricating a nitride semiconductor de- 
vice comprising the steps of: 

forming, in an upper portion of a substrate, plu- 
ral grooves extending at intervals along a sub- 
strate surface direction; 
selectively growing, on a top face of said sub- 
strate between said grooves, a lamination body 
including a first nitride semiconductor layer, an 
active layer formed from a second nitride sem- 
iconductor layer having a smaller energy gap 
than said first nitride semiconductor layer and 
a third nitride semiconductor layer having a 



larger energy gap than said active layer 
stacked in this order from a substrate side; and 
forming, on said lamination body, a current con- 
finement part for selectively injecting carriers 
5 into said active layer. 

30. The method of fabricating a nitride semiconductor 
device of Claim 29, 

wherein the step of growing said lamination 
10 body includes a sub-step of forming plural gaps sur- 
rounded with bottoms and walls of said grooves and 
a surface of said lamination body opposing said 
grooves. 

15 31. The method of fabricating a nitride semiconductor 
device of Claim 29, 

wherein, in the step of growing said lamination 
body, said lamination body is grown on said sub- 
strate without forming a buffer layer therebetween. 

20 

32. A nitride semiconductor device comprising: 

a lamination body including a first nitride sem- 
iconductor layer, an active layer formed from a 
25 second nitride semiconductor layer having a 

larger refractive index than said first nitride 
semiconductor layer and a third nitride semi- 
conductor layer having a smaller refractive in- 
dex than said active layer successively stacked 
30 on a substrate; and 

a current confinement part formed on said lam- 
ination body for selectively injecting carriers in- 
to said active layer, 

35 wherein a gap is formed in a region below said 

current confinement part and between said active 
layer and said substrate. 

33. The nitride semiconductor device of Claim 32, 

40 wherein a fourth nitride semiconductor layer 

having a refractive index smaller than or equivalent 
to a refractive index of said first nitride semiconduc- 
tor layer is formed on said gap. 



45 34. A nitride semiconductor device comprising: 

a first nitride semiconductor layer formed on a 
substrate and including, in an upper portion 
thereof, plural convexes extending at intervals 
50 along a substrate surface direction; 

a second nitride semiconductor layer formed on 
said first nitride semiconductor layer with a low- 
er face thereof in contact with top faces of said 
convexes; and 

55 a lamination body formed on said second ni- 

tride semiconductor layer and including a third 
nitride semiconductor layer, an active layer 
formed from a fourth nitride semiconductor lay- 



20 



25 



29 



57 



EP 1 104 031 A2 



58 



er having a larger refractive index than said 
third nitride semiconductor layer and a fifth ni- 
tride semiconductor layer having a smaller re- 
fractive index than said active layer, 

wherein said second nitride semiconductor 
layer has a refractive index smaller than or equiva- 
lent to a refractive index of said third nitride semi- 
conductor layer. 

35. The nitride semiconductor device of Claim 34, fur- 
ther comprising a low-refractive index region 
formed between said convexes and having a small- 
er refractive index than said second nitride semi- 
conductor layer. 

36. The nitride semiconductor device of Claim 35, 

wherein said low- refractive index region is a 

gap- 

37. The nitride semiconductor device of Claim 34, fur- 
ther comprising a sixth nitride semiconductor layer 
formed between said second nitride semiconductor 
layer and said third nitride semiconductor layer, 
having a superlattice structure with a refractive in- 
dex smaller than or equivalent to the refractive in- 
dex of said second nitride semiconductor layer or 
said third nitride semiconductor layer, and having a 
top face in contact with an electrode. 

38. The nitride semiconductor device of Claim 34, 

wherein said second nitride semiconductor lay- 
er includes aluminum, and 
said nitride semiconductor device further in- 
cludes plural sixth nitride semiconductor layers 
each formed between said first nitride semicon- 
ductor layer and said second nitride semicon- 
ductor layer for covering a top face and its vi- 
cinity of each convex alone, and including alu- 
minum in a smaller composition ratio than in 
said second nitride semiconductor layer. 

39. A method of fabricating a nitride semiconductor de- 
vice comprising the steps of: 

forming a first nitride semiconductor layer on a 
substrate; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural grooves extending 
at intervals along a substrate surface direction; 
forming a mask film for covering bottoms of said 
grooves; 

growing, by using, as a seed crystal, C planes 
corresponding to portions of a top face of said 
first nitride semiconductor layer exposed from 
said mask film between said grooves, a lami- 
nation body including a second nitride semicon- 



ductor layer, a third nitride semiconductor layer, 
an active layer formed from a fourth nitride sem- 
iconductor layer having a larger refractive index 
than said third nitride semiconductor layer and 
5 a fifth nitride semiconductor layer having a 

smaller refractive index than said active layer 
stacked in this order from a substrate side; and 
forming, on said lamination body, a current con- 
finement part for selectively injecting carriers 
10 into said active layer, 

wherein the step of growing said lamination 
body includes a sub-step of growing said second 
nitride semiconductor layer with a refractive index 
15 thereof smaller than or equivalent to a refractive in- 
dex of said third nitride semiconductor layer. 

40. The method of fabricating a nitride semiconductor 
device of Claim 39, 

20 wherein the step of growing said lamination 

body includes, when said second nitride semicon- 
ductor layer includes aluminum, a sub-step of form- 
ing, between said first nitride semiconductor layer 
and said second nitride semiconductor layer, plural 

25 sixth nitride semiconductor layers including alumi- 
num in a smaller composition ratio than in said sec- 
ond nitride semiconductor layer for covering a top 
face and its vicinity of each of said convexes alone. 

30 41. The method of fabricating a nitride semiconductor 
device of Claim 39, 

wherein the step of growing said lamination 
body includes a sub-step of forming, between said 
second nitride semiconductor layer and said third 
35 nitride semiconductor layer, a sixth nitride semicon- 
ductor layer having a superlattice structure with a 
refractive index smaller than or equivalent to the re- 
fractive index of said second nitride semiconductor 
layer or said third nitride semiconductor layer. 

40 

42. The method of fabricating a nitride semiconductor 
device of Claim 39, 

wherein the step of forming said plural 
grooves includes a sub-step of forming, on said first 
45 nitride semiconductor layer, a resist mask for cov- 
ering said first nitride semiconductor layer in the 
shape of stripes and etching said first nitride semi- 
conductor layer by using said resist mask, and 

the step of forming said mask film includes a 
50 sub-step of lifting off said resist mask. 

43. The method of fabricating a nitride semiconductor 
device of Claim 39, 

wherein said mask film is formed from a die- 
55 lectric. 

44. The method of fabricating a nitride semiconductor 
device of Claim 43, 
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wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

5 

45. The method of fabricating a nitride semiconductor 
device of Claim 43, 

wherein said mask film is formed by using 
electron cyclotron resonance plasma. 

10 

46. The method of fabricating a nitride semiconductor 
device of Claim 43, 

wherein said mask film is formed by electron 
cyclotron resonance sputtering. 

15 

47. The method of fabricating a nitride semiconductor 
device of Claim 39, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
a high melting point. 20 

48. The method of fabricating a nitride semiconductor 
device of Claim 47, 

wherein said metal with a high melting point 
or said metal compound with a high melting point is 25 
tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 

49. A method of fabricating a nitride semiconductor de- 
vice comprising the steps of: 30 



dex of said third nitride semiconductor layer. 

50. The method of fabricating a nitride semiconductor 
device of Claim 49, 

wherein the step of growing said lamination 
body includes, when said second nitride semicon- 
ductor layer includes aluminum, a sub-step of form- 
ing, between said first nitride semiconductor layer 
and said second nitride semiconductor layer, plural 
sixth nitride semiconductor layers each including 
aluminum in a smaller composition ratio than in said 
second nitride semiconductor layer for covering a 
top face and its vicinity of each of said convexes 
alone. 

51. The method of fabricating a nitride semiconductor 
device of Claim 49, 

wherein the step of growing said lamination 
body includes a sub-step of forming, between said 
second nitride semiconductor layer and said third 
nitride semiconductor layer, a sixth nitride semicon- 
ductor layer having a superlattice structure with a 
refractive index smaller than or equivalent to the re- 
fractive index of said second nitride semiconductor 
layer or said third nitride semiconductor layer. 

52. The method of fabricating a nitride semiconductor 
device of Claim 49, 

wherein the step of forming said plural grooves 
includes a sub-step of forming, on said first ni- 
tride semiconductor layer, a resist mask for cov- 
ering said first nitride semiconductor layer in 
the shape of stripes and etching said first nitride 
semiconductor layer by using said resist mask, 
and 

the step of forming said mask film includes a 
sub-step of lifting off said resist mask. 

53. The method of fabricating a nitride semiconductor 
device of Claim 49, 

wherein said mask film is formed from a die- 
lectric. 

54. The method of fabricating a nitride semiconductor 
device of Claim 53, 

wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

55. The method of fabricating a nitride semiconductor 
device of Claim 53, 

wherein said mask film is formed by using 
electron cyclotron resonance plasma. 

56. The method of fabricating a nitride semiconductor 
device of Claim 53, 



forming a first nitride semiconductor layer on a 
substrate; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural grooves extending 35 
at intervals along a substrate surface direction; 
forming a mask film for covering bottoms and 
at least part of walls of said grooves; 
growing, by using, as a seed crystal, portions 
of said first nitride semiconductor layer ex- 40 
posed from said mask film between said 
grooves, a lamination body including a second 
nitride semiconductor layer, a third nitride sem- 
iconductor layer, an active layer formed from a 
fourth nitride semiconductor layer having a 45 
larger refractive index than said third nitride 
semiconductor layer and a fifth nitride semicon- 
ductor layer having a smaller refractive index 
than said active layer stacked in this order from 
a substrate side; and 50 
forming, on said lamination body, a current con- 
finement part for selectively injecting carriers 
into said active layer, 

wherein the step of growing said lamination 55 
body includes a sub-step of growing said second 
nitride semiconductor layer with a refractive index 
thereof smaller than or equivalent to a refractive in- 
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wherein said mask film is formed by electron 
cyclotron resonance sputtering. 

57. The method of fabricating a nitride semiconductor 
device of Claim 49, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
a high melting point. 

58. The method of fabricating a nitride semiconductor 
device of Claim 57, 

wherein said metal with a high melting point 
or said metal compound with a high melting point is 
tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 

59. A method of fabricating a nitride semiconductor 
comprising the steps of: 

forming, on a substrate, a first nitride semicon- 
ductor layer of Al u Ga v ln w N, wherein 0 ^ u, v, w 
^ 1 and u + v + w = 1; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural convexes extend- 
ing at intervals along a substrate surface direc- 
tion; 

forming a mask film for covering bottoms of re- 
cesses formed between said convexes adja- 
cent to each other; and 

growing, on said first nitride semiconductor lay- 
er, plural second nitride semiconductor layers 
of Al x Ga y ln z N, wherein 0 ^ x, y, z ^ 1 and x + 
y + z = 1 , by using, as a seed crystal, C planes 
corresponding to top faces of said convexes ex- 
posed from said mask film, 

wherein the step of forming said plural second 
nitride semiconductor layers includes a sub-step of 
forming each of said second nitride semiconductor 
layers in a manner that a facet of said second nitride 
semiconductor layer parallel to a direction of ex- 
tending said convexes is exposed every time said 
second nitride semiconductor layer extends over a 
given number of convexes among said plural con- 
vexes. 

60. The method of fabricating a nitride semiconductor 
of Claim 59, 

wherein said facet is an A plane or an M plane. 

61. The method of fabricating a nitride semiconductor 
of Claim 59, 

wherein, in the step of forming said plural con- 
vexes, said plural convexes are formed in such a 
formation cycle that a region where said facet is ex- 
posed is larger than a region where said facet is not 
exposed. 



62. The method of fabricating a nitride semiconductor 
of Claim 59, 

wherein said mask film is formed from a die- 
lectric. 

5 

63. The method of fabricating a nitride semiconductor 
of Claim 62, 

wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
10 ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

64. The method of fabricating a nitride semiconductor 
of Claim 59, 

15 wherein said mask film is formed from a metal 

with a high melting point or a metal compound with 
a high melting point. 

65. The method of fabricating a nitride semiconductor 
20 of Claim 64, 

wherein said metal with a high melting point 
or said metal compound with a high melting point is 
tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 

25 

66. A method of fabricating a nitride semiconductor 
comprising the steps of: 

forming, on a substrate, a first nitride semicon- 
30 ductor layer of Al u Ga v ln w N, wherein 0 ^ u, v, w 

^ 1 and u + v + w = 1; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural convexes extend- 
ing at intervals along a substrate surface direc- 
35 tion; 

forming a mask film for covering bottoms and 
at least part of walls of recesses formed be- 
tween said convexes adjacent to each other; 
and 

40 growing, on said first nitride semiconductor lay- 

er, plural second nitride semiconductor layers 
of Al x Ga y ln z N, wherein 0 ^ x, y, z ^ 1 and x + 
y + z = 1, by using, as a seed crystal, portions 
of said convexes exposed from said mask film, 

45 

wherein the step of forming said plural second 
nitride semiconductor layers includes a sub-step of 
forming each of said second nitride semiconductor 
layers in a manner that a facet of said second nitride 
so semiconductor layer parallel to a direction of ex- 
tending said convexes is exposed every time said 
second nitride semiconductor layer extends over a 
given number of convexes among said plural con- 
vexes. 

55 

67. The method of fabricating a nitride semiconductor 
of Claim 66, 

wherein said facet is an A plane or an M plane. 
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68. The method of fabricating a nitride semiconductor 
of Claim 66, 

wherein, in the step of forming said plural con- 
vexes, said plural convexes are formed in such a 
formation cycle that a region where said facet is ex- 
posed is larger than a region where said facet is not 
exposed. 

69. The method of fabricating a nitride semiconductor 
of Claim 66, 

wherein said mask film is formed from a die- 
lectric. 

70. The method of fabricating a nitride semiconductor 
of Claim 69, 

wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

71. The method of fabricating a nitride semiconductor 
of Claim 66, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
a high melting point. 

72. The method of fabricating a nitride semiconductor 
of Claim 71, 

wherein said metal with a high melting point 
or said metal compound with a high melting point is 
tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 

73. A method of fabricating a nitride semiconductor de- 
vice comprising the steps of: 

forming a first nitride semiconductor layer on a 
substrate; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural grooves extending 
at intervals along a substrate surface direction; 
forming a mask film for covering bottoms of said 
grooves; 

growing, by using, as a seed crystal, C planes 
corresponding to portions of a top face of said 
first nitride semiconductor layer exposed from 
said mask film between said grooves, plural 
lamination bodies each including a second ni- 
tride semiconductor layer, an active layer 
formed from a third nitride semiconductor layer 
having a smaller energy gap than said second 
nitride semiconductor layer and a fourth nitride 
semiconductor layer having a larger energy 
gap than said active layer stacked in this order 
from a substrate side; and 
forming, on each of said lamination bodies, a 
current confinement part for selectively inject- 
ing carriers into said active layer, 



wherein the step of growing said plural lami- 
nation bodies includes a sub-step of forming each 
of said lamination bodies in a manner than a cavity 
facet including said current confinement part is ex- 
5 posed every time said lamination body extends over 

a given number of C planes of said first nitride sem- 
iconductor layer. 

74. The method of fabricating a nitride semiconductor 
10 device of Claim 73, 

wherein said cavity facet is an A plane or an 
M plane. 

75. The method of fabricating a nitride semiconductor 
15 device of Claim 73, 

wherein, in the step of forming said plural 
grooves, said plural grooves are formed in such a 
formation cycle that a region where said cavity facet 
is exposed is larger than a region where said cavity 
20 facet is not exposed. 

76. The method of fabricating a nitride semiconductor 
device of Claim 73, 

wherein said mask film is formed from a die- 
25 lectric. 

77. The method of fabricating a nitride semiconductor 
device of Claim 76, 

wherein said dielectric is silicon nitride, silicon 
30 oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

78. The method of fabricating a nitride semiconductor 
35 device of Claim 73, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
a high melting point. 

40 79. The method of fabricating a nitride semiconductor 
device of Claim 78, 

wherein said metal with a high melting point 
or said metal compound with a high melting point is 
tungsten, molybdenum, niobium, tungsten silicide, 
45 molybdenum silicide or niobium silicide. 

80. A method of fabricating a nitride semiconductor de- 
vice comprising the steps of: 

50 forming a first nitride semiconductor layer on a 

substrate; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural grooves extending 
at intervals along a substrate surface direction; 
55 forming a mask film for covering bottoms and 

at least part of walls of said grooves; 
growing, by using, as a seed crystal, portions 
of said first nitride semiconductor layer ex- 
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posed from said mask film between said 
grooves, plural lamination bodies each includ- 
ing a second nitride semiconductor layer, an ac- 
tive layer formed from a third nitride semicon- 
ductor layer having a smaller energy gap than 
said second nitride semiconductor layer and a 
fourth nitride semiconductor layer having a 
larger energy gap than said active layer 
stacked in this order from a substrate side; and 
forming, on each of said lamination bodies, a 
current confinement part for selectively inject- 
ing carriers into said active layer, 

wherein the step of growing said plural lami- 
nation bodies includes a sub-step of forming each 
of said lamination bodies in a manner than a cavity 
facet including said current confinement part is ex- 
posed every time said lamination body extends over 
a given number of portions of said first nitride sem- 
iconductor layer sandwiched between said grooves 
adjacent to each other. 

81. The method of fabricating a nitride semiconductor 
device of Claim 80, wherein said cavity facet 
is an A plane or an M plane. 

82. The method of fabricating a nitride semiconductor 
device of Claim 80, 

wherein, in the step of forming said plural 
grooves, said plural grooves are formed in such a 
formation cycle that a region where said cavity facet 
is exposed is larger than a region where said cavity 
facet is not exposed. 

83. The method of fabricating a nitride semiconductor 
device of Claim 80, 

wherein said mask film is formed from a die- 
lectric. 

84. The method of fabricating a nitride semiconductor 
device of Claim 83, 

wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

85. The method of fabricating a nitride semiconductor 
device of Claim 80, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
a high melting point. 

86. The method of fabricating a nitride semiconductor 
device of Claim 85, 

wherein said metal with a high melting point 
or said metal compound with a high melting point is 
tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 



87. A nitride semiconductor device comprising: 

a first nitride semiconductor layer formed on a 
substrate and including, in an upper portion 

5 thereof, plural convexes extending at intervals 

along a substrate surface direction; 
a second nitride semiconductor layer formed on 
said first nitride semiconductor layer with gaps 
formed between side faces of said convexes; 

10 and 

a third nitride semiconductor layer formed on 
said second nitride semiconductor layer and in- 
cluding a cavity in the shape of a stripe into 
which confined carriers are injected, 

15 

wherein said cavity is provided with a resonat- 
ing direction of generated light substantially perpen- 
dicular to a direction of extending said convexes. 

20 88. The nitride semiconductor device of Claim 87, 

wherein said cavity has a facet according to 
an A plane of said third nitride semiconductor layer. 

89. The nitride semiconductor device of Claim 87, 

25 

wherein top faces of said convexes accord with 
a C plane, and 

an angle between a C-axis of said first nitride 
semiconductor layer and a C-axis of said sec- 
30 ond nitride semiconductor layer is approxi- 

mately 0.05 degree or less. 

90. The nitride semiconductor device of Claim 87, fur- 
ther comprising a fourth nitride semiconductor layer 

35 formed between said second nitride semiconductor 
layer and said third nitride semiconductor layer and 
including, in an upper portion thereof, plural convex- 
es extending at intervals along the substrate sur- 
face direction and having top faces in different po- 

40 sitions, in the substrate surface direction, from top 
faces of said convexes formed in said first nitride 
semiconductor layer. 

91 . A method of fabricating a nitride semiconductor de- 
45 vice comprising the steps of: 

forming a first nitride semiconductor layer on a 
substrate; 

forming, in an upper portion of said first nitride 
so semiconductor layer, plural first grooves ex- 

tending at intervals along one substrate surface 
direction; 

forming a first mask film for covering bottoms 
of said first grooves; 
55 growing a second nitride semiconductor layer 

by using, as a seed crystal, C planes corre- 
sponding to portions of a top face of said first 
nitride semiconductor layer exposed from said 
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first mask film between said first grooves; 
forming, in an upper portion of said second ni- 
tride semiconductor layer, plural second 
grooves extending at intervals in said one sub- 
strate surface direction and having portions be- 5 
tween said second grooves adjacent to each 
other in different positions, in a substrate sur- 
face direction, from the portions between said 
first grooves adjacent to each other; 
forming a second mask film for covering bot- 10 
toms of said second grooves; 
growing a third nitride semiconductor layer in- 
cluding an active layer by using, as a seed crys- 
tal, C planes corresponding to portions of a top 
face of said second nitride semiconductor layer f5 
exposed from said second mask film between 
said second grooves; and 
forming, on said third nitride semiconductor lay- 
er, a current confinement part with a resonating 
direction of generated light substantially per- 20 
pendicular to said one substrate surface direc- 
tion. 

92. A method of fabricating a nitride semiconductor de- 
vice comprising the steps of: 25 



forming a first nitride semiconductor layer on a 
substrate; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural first grooves ex- 30 
tending at intervals along one substrate surface 
direction; 

forming a first mask film for covering bottoms 
and at least part of walls of said first grooves; 
growing a second nitride semiconductor layer 35 
by using, as a seed crystal, portions of said first 
nitride semiconductor layer exposed from said 
first mask film between said first grooves; 
forming, in an upper portion of said second ni- 
tride semiconductor layer, plural second 40 
grooves extending at intervals along said one 
substrate surface direction and having portions 
between said second grooves adjacent to each 
other in positions different, in a substrate sur- 
face direction, from portions between said first 45 
grooves adjacent to each other; 

forming a second mask film for covering bot- 95. 
toms and at least part of walls of said second 
grooves; 

growing a third nitride semiconductor layer in- 50 
eluding an active layer by using, as a seed crys- 
tal, portions of said second nitride semiconduc- 
tor layer exposed from said second mask film 
between said second grooves; and 
forming, on said third nitride semiconductor lay- 55 
er, a current confinement part with a resonating 
direction of generated light substantially per- 
pendicular to said one substrate surface direc- 



tion. 

93. A semiconductor light emitting device comprising: 

a first semiconductor layer formed on a sub- 
strate and including, in an upper portion there- 
of, plural first convexes extending at intervals 
along a substrate surface direction; and 
a second semiconductor layer formed from a 
lamination body including an active layer on 
said first semiconductor layer in contact with 
said first convexes and including, in an upper 
portion thereof, plural second convexes ex- 
tending in a direction the same as the first con- 
vexes at intervals different from the intervals of 
said first convexes, 

wherein carriers are injected into said active 
layer from a top face of one of said plural second 
convexes. 

94. A method of fabricating a semiconductor light emit- 
ting device comprising the steps of: 

forming a first semiconductor layer on a sub- 
strate and forming, in an upper portion of said 
first semiconductor layer, plural first convexes 
extending at intervals along a substrate surface 
direction; 

forming, on said first semiconductor layer, a 
second semiconductor layer having a lower 
face in contact with said first convexes from a 
lamination body including an active layer, and 
forming, in an upper portion of said second 
semiconductor layer, plural second convexes 
extending in a direction the same as said first 
convexes at intervals different from the inter- 
vals of said first convexes; 
forming, on said substrate, a mark for aligning 
a mask for identifying a convex for injecting car- 
riers into said active layer among said plural 
second convexes; and 

aligning said mask by using said mark and 
forming one of said plural second convexes into 
a carrier injection part by using said mask. 



The method of fabricating a semiconductor light 
emitting device of Claim 94, 

wherein said first semiconductor layer and said 
second semiconductor layer are formed from 
nitride semiconductors, 

the step of forming said first convexes includes 
a sub-step of forming a dielectric film in each 
area sandwiched between said first convexes, 
and 

the step of forming said mark includes a sub- 
step of forming said mark for identifying one of 
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said second convexes in a position not overlap- 
ping any of said first convexes in a direction ver- 
tical to a surface of said substrate and in the 
vicinity of any of said first convexes. 

96. A method of fabricating a semiconductor light emit- 
ting device comprising the steps of: 

forming a first nitride semiconductor layer on a 
substrate; 

forming, in an upper portion of said first nitride 
semiconductor layer, plural grooves extending 
at intervals in a substrate surface direction; 
forming a mask film for covering bottoms of said 
grooves; 

growing, by using, as a seed crystal, C planes 
corresponding to portions of a top face of said 
first nitride semiconductor layer exposed from 
said mask film between said grooves, a lami- 
nation body including a second nitride semicon- 
ductor layer, an active layer formed from a third 
nitride semiconductor layer having a smaller 
energy gap than said second nitride semicon- 
ductor layer and a fourth nitride semiconductor 
layer having a larger energy gap than said ac- 
tive layer stacked in this order from a substrate 
side; 

forming, in an upper portion of said lamination 
body, plural convexes extending in a direction 
the same as said grooves at intervals different 
from the intervals of said grooves; and 
selecting one convex in a position above any of 
said grooves and in the vicinity of an area be- 
tween said grooves among said plural convex- 
es and forming said selected convex into a car- 
rier injection part for injecting carriers into said 
active layer. 

97. The method of fabricating a semiconductor light 
emitting device of Claim 96, 

wherein the step of forming said plural grooves 
includes a sub-step of forming, on said first ni- 
tride semiconductor layer, a resist mask for cov- 
ering said first nitride semiconductor layer in 
the shape of stripes and etching said first nitride 
semiconductor layer by using said resist mask, 
and 

the step of forming said mask film includes a 
sub-step of lifting off said resist mask. 

98. The method of fabricating a semiconductor light 
emitting device of Claim 96, 

wherein said mask film is formed from a die- 
lectric. 

99. The method of fabricating a semiconductor light 
emitting device of Claim 98, 



wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 
or niobium oxide. 

5 

100. The method of fabricating a semiconductor light 
emitting device of Claim 98, 

wherein said mask film is formed by using 
electron cyclotron resonance plasma. 

10 

101. The method of fabricating a semiconductor light 
emitting device of Claim 98, 

wherein said mask film is formed by electron 
cyclotron resonance sputtering. 

15 

102. The method of fabricating a semiconductor light 
emitting device of Claim 96, 

wherein said mask film is formed from a metal 
with a high melting point or a metal compound with 
20 a high melting point. 

103. The method of fabricating a semiconductor light 
emitting device of Claim 102, 

wherein said metal with a high melting point 
25 or said metal compound with a high melting point is 
tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 

104. A method of fabricating a semiconductor light emit- 
30 ting device comprising the steps of: 

forming a first nitride semiconductor layer on a 
substrate; 

forming, in an upper portion of said first nitride 

35 semiconductor layer, plural grooves extending 

at intervals in a substrate surface direction; 
forming a mask film for covering bottoms and 
at least part of walls of said grooves; 
growing, by using, as a seed crystal, portions 

40 of said first nitride semiconductor layer ex- 

posed from said mask film between said 
grooves, a lamination body including a second 
nitride semiconductor layer, an active layer 
formed from a third nitride semiconductor layer 

45 having a smaller energy gap than said second 

nitride semiconductor layer and a fourth nitride 
semiconductor layer having a larger energy 
gap than said active layer stacked in this order 
from a substrate side; 

50 forming, in an upper portion of said lamination 

body, plural convexes extending in a direction 
the same as said grooves at intervals different 
from the intervals of said grooves; and 
selecting one convex in a position above any of 

55 said grooves and in the vicinity of an area be- 

tween said grooves among said plural convex- 
es and forming said selected convex into a car- 
rier injection part for injecting carriers into said 
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active layer. 

105. The method of fabricating a semiconductor light 
emitting device of Claim 104, 

5 

wherein the step of forming said plural 
grooves includes a sub-step of forming, on said 
first nitride semiconductor layer, a resist mask 
for covering said first nitride semiconductor lay- 
er in the shape of stripes and etching said first 10 
nitride semiconductor layer by using said resist 
mask, and 

the step of forming said mask film in- 
cludes a sub-step of lifting off said resist mask. 

15 

106. Themethodof fabricating a semiconductor light 
emitting device of Claim 104, 

wherein said mask film is formed from a die- 
lectric. 

20 

107. Themethod of fabricating a semiconductor light 
emitting device of Claim 106, 

wherein said dielectric is silicon nitride, silicon 
oxide, nitrided silicon oxide, aluminum oxide, nitrid- 
ed aluminum oxide, titanium oxide, zirconium oxide 25 
or niobium oxide. 

108. The method of fabricating a semiconductor light 
emitting device of Claim 106, 

wherein said mask film is formed by using 30 
electron cyclotron resonance plasma. 

109. The method of fabricating a semiconductor light 
emitting device of Claim 106, 

wherein said mask film is formed by electron 35 
cyclotron resonance sputtering. 

110. The method of fabricating a semiconductor light 
emitting device of Claim 104, 

wherein said mask film is formed from a metal *o 
with a high melting point or a metal compound with 
a high melting point. 

111. The method of fabricating a semiconductor light 
emitting device of Claim 110, 45 

wherein said metal with a high melting point 
or said metal compound with a highmelting point is 
tungsten, molybdenum, niobium, tungsten silicide, 
molybdenum silicide or niobium silicide. 
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